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DEVELOPMENT  AND  PROOF  SERVICES 
ABERDEEN  PROVING  210 UND 
MARYLAND 

AUTHORITY:  ORDTB  Of  APillersdorf/ea/29175 

DA  PRIORITY:  1A  O  t  U  It  L  I  27  March  19^ 

PRELIMINARY  TESTS  OF  PIC  AT  IN  NY  ARSENAL  DEVICE 
(LINEAR  CUTTING  CHARGE)  AGAINST  DYNAMICALLY 
FIRED  AMMUNITION  (S) 

ELEVENTH  REPORT  ON  PROJECT  TB3-122ljB 
ARMOR  TEST  REPORT  AD-1228 
DATES  OF  TEST:  AUGUST  1951;  TO  JUNE  1#5 

OBJECT 

To  investigate  the  performance  of  and  evaluate  first  models  of  explosive 
charges  designed  for  use  as  an  active  defense  against  shaped  chc\rge  missiles. 

SUMMARY 


Thirty-four  Picatinny  Arsenal  Devices  were  detonated  against  various  anti¬ 
tank  projectiles  in  flight  during  dynamic  firings  of  these  projectiles  against 
target  armor.  Frequent  defeat  of  projectiles,  under  special  conditions,  was 
achieved.  PLcatimy  Arsenal  Devices  were  also  detonated  for  high  speed  photography 
and  calibrating  purposes. 


CONCLUSION 


The  device  as  tested  offers  considerable  promise  as  a  protective  measure 
for  armored  vehicles,  provided  an  adequate  sensing  and  triggering  mechanism  is 
developed,  and  tactical  limitations  are  overcome. 

RECOMMENDATION 


Development  and  application  studies,  including  sensing  and  triggering,  should 
be  continued,  with  special  emphasis  on  increasing  the  versatility  and  effectiveness 
of  the  liner  fragments. 
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I.  INTRODUCTION* 


A.  DISCUSSION 


1.  On  28  July  1953,  a  conference  on  Defense  Against  Shaped  Charges  v/as 
held  at  the  Ballistic  Research  Laboratories,  APG.  This  conference  resulted  in  the 
formation  of  the  Ordnance  Corps  Conmittee  on  Defense  Against  Shaped  Charges**  At 
this  same  conference,  a  unique  method  of  defense  against  shaped  charge  missiles, 
evolved  by  Picatinny  Arsenal  personnel,  was  described.  In  this  method,  a  lined 
explosive  charge,**triggered  by  an  incoming  projectile,  produces  a  sheet  of 
fragments  in  a  plane  roughly  normal  to  the  trajectory  of  the  missile.  These  frag¬ 
ments  strike  the  HEAT  shell  body  and  so  damage  it  that  the  shell  loses  its 
penetration  capabilities.  The  application  of  this  device  then  envisioned  was  the 
setting  of  a  series  of  such  charges  on  the  stowage  boxes,  fenders  and  turret 
periphery  of  a  tank,  as  necessary. 


Lit 


2.  The  lined  explosive  charge  dAfcilglMrfldS initially  was  referred  to  as  a 
"linear  cutting  charge,"  after  the  British  terminology.  It  was  described  more  fully 
at  the  first  meeting  of  the  above-*nentioned  Conmittee  on  25  September  1953* 


3*  At  the  meeting  in  September  1953,  the  charge  model  was  described  by 
Picatinny  Arsenal  as  approximately  eight  inches  long,  carrying  a  little  over  a 
pound  of  explosive,  with  a  T18  detonator  and  annular  booster  near  each  end,  making 
for  two-point  initiation.  In  the  first  tests  by  Picatinny  Arsenal,  seven  3.5  inch 
HEAT  M28A2  rockets  were  fired  at  armor  plate,  first  striking  a  pair  of  aluminum  foil 
electric-detonator  triggering  screens  in  fi*ont  of  the  plate.  These  screens,  on 
Short-circuiting,  permitted  the  detonator  system  to  initiate  the  charges*  No  3«5 
inch  rocket  round  penetrated  more  than  three-fourths  of  an  inch  of  the  armor  against 
which  it  was  fired. 


ll*  The  suggestion  was  made  by  the  D&PS  representative  at  this  meeting 
that  such  a  device  was  potentially  even  more  valuable  against  other  missiles  than 
HEAT.  This  was  predicated  on  two  possibilities: 

a.  Effective  breaking  up  or  cracking  of  a  large  caliber  armor-piercing 
shot  might  be  achieved  by  the  impact  of  liner  fragments  on  the  projectile  body. 

This  aspect  was  investigated  in  the  tests  to  be  described. 

b.  The  impact  of  a  liner  fragment  of  sufficient  momentum  might  deflect 
or  upset  the  target  missile  by  an  amount  sufficient  to  prevent  complete  penetration 
of  the  target  armor.  An  elementary  study  of  this  aspect  indicated  that  upsetting  a 
large  caliber  projectile  of  the  AP  or  AP  HE  type  by  fifteen  degrees  (a  conservative 
guess  of  the  amount  necessary  to  degrade  the  penetration  capability  of  typical  AP 
projectiles  fired  against  oblique  armor)  requires  an  inordinately  large  fragment 
momentum.  A  limiting  condition  is  the  distance  the  missile  must  travel,  before  it 
strikes  the  target  armor,  after  being  hit  by  a  liner  fragment* 

5.  a.  A  basic  limi  ation  of  the  method  of  defense  by  this  explosive  device 
is  the  necessity  for  a  reliable  and  accurate  sensing  and  triggering  system.  One 


•in* 


Ref.:  Letter  from  OPUTB,  File  No.  33L/92U,  APO  337/900 
See  sketch  in  Appendix  B 
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reason  given  for  the  relatively  slow  development  of  the  charge  is  that  without  an 
automatic,  quick— acting,  sensing  and  initiating  system,  it  is  relatively  useless 
for  its  intended  purpose • 


b.  Considerable  progr< 


however,  in  the  direction  of 


developing  a  sensing  and  triggering  system,  under  project  DASH  DOT,  Ordnance  Project 
No.  TA3-^20U.  Under  technical  supervision  of  the  Pic  a  tinny  Arsenal,  the  United  Shoe 
■Machinery  Corporation  has  developed  an  electronic  mechanism  system  for  the  purpose 
described  above. 


c.  The  following  is  a  description  of  the  system  provided  by  the 
contractor  in  a  progress  report » 

A  method  using  C.W.X.  band  radar  has  been  tentatively  adopted  for 
the  detection  of  attacking  missiles,  Missile  velocity  is  determined  by  the  doppler 
frequency  produced  by  the  impact  of  the  transmitted  energy  on  the  approaching 
missile.  The  range  of  missile  velocities  involved  requires  the  production  of  a 
time  delay  which  increases  as  the  missile  velocity  decreases*  in  order  that  all 
missiles  may  be  in  the  same  vertical  plane  at  the  instant  of  detonation  of  the  linear 
charge  which  is  used  to  defeat  the  missile.  The  delay  required  for  all  missiles 
between  200  and  3000  feet^per-second  velocities  has  been  worked  out,  theoretically 
resulting  in  all  missiles  being  in  the  same  vertical  plane  £  1.U3  inches  over  a 
vertical  distance  of  5  feet.  Various  methods  of  developing  the  required  delay 
have  been  explored  and  a  breadboard  model  of  a  simple  and  reliable  method  has  been 
constructed.  The  delay  available  has  been  extended  to  3300  microseconds  maximum,  to 
include  low  velocity  missiles  arriving  at  extreme  angles  of  obliquity.  The  radial 
velocity  of  a  200  feet  per  second  missile  may  be  only  67  feet  per  second,  producing 
a  doppler  frequency  of  some  1360  cycles  per  second.  A  "missile  simulator"  in  which 
Styrofoam  cylinders  are  propelled  along  a  plexiglass  tube  has  been  constructed  to 
enable  preliminary  tests  to  be  run  in  the  laboratory.  Missile  velocities  in  excess 
of  350  feet  per  second  have  been  obtained  in  the  "simulator"  and  velocities  up  to 
£00  feet  per  second  should  be  possible  with  increased  air  pressure, 

d.  A  description  of  the  instrumentation  used  is  provided  in  the  January 
1955  progress  report  by  the  same  agency. 

e.  A  test  with  the  breadboard  model  sensing  dynamically-fired  artillery 
missiles  was  described  at  the  meeting  of  the  Ordnance  Corps  Committee  on  Defense 
Against  Shaped  Charges  on  1  Nov  1955*  The  test  results  were  generally  satisfactory. 

f.  A  second  limitation  of  the  device  in  its  present  form  is  that 
connected  with  exposed  mounting  on  a  vehicle.  V7ith  the  apex  of  the  liner  in  normal 
position,  so  that  fragments  can  be  projected  upward  ,  the  device  may  accumulate  mud, 
dust  and  snow  in  the  exposed  cavity.  A  brief,  inconclusive  test  of  the  PAD  was 
conducted  in  conjunction  with  the  calibration  and  high  speed  movie  firings  to 
investigate  this  limitation.  Some  reduction  in  fragment  energy  was  noted  with  one 
change. 
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6.  Countermeasures  that  sight  be  employed  against  a  successful  application 
of  a  radar-controllsd  PAD*  system  to  a  vehicle  would  dapand  to  a  large  extant  on  the 
performance  of  the  sensing  system  and  the  location  of  the  PAD. 


a.  Zf  the  charges  were  mounted  close  to  the  tank  surfaces,  and  aimed 
vertically,  it  night  he  feasible  for  the  enemy  to  use  and  attacking  HKAf  siisila 
which  attempted  to  detonate  before  the  PAD  did.  A  large  diameter  (6  in.  and  up), 
long— ogive d ,  HEAT  round,  performing  better  at  a  long  standoff  than  conventional  ones, 
sight  be  adequate  for  penetrating  the  tank  defended  by  PADs,  in  the  arrangement 
described. 


b.  A  more 
proximity  fuse  as  well. 


oromp  ■&C&EI 


corporate  the  above  features  and  a 


c.  The  above  speculative  anti-PAD  aiisile  designs  add  additional 
support  to  the  Proving  Ground's  interest  in  the  design  and  development  of  PAD 
type  devices  for  other  applications  (i.e.  anti-AP,  anti-HE  shell,  anti-personnel, 
anti-mine). 


d.  finally,  while  beyond  the  province  of  this  report,  it  is  not 
overlooked  that  PAD  type  devices  may  prove  feasible  as  protective  measures  in  some 
US  Air  Toroe  and  178  Kavy  materiel.  Air-to-air  defense  against  chemical  energy 
miealles  is  an  application  worthy  of  serious  consideration  and  extensive  develop¬ 
ment. 


b.  masisss 

1.  Ltr,  OBDTB  33^/924,  APG  337/900.  Subject:  Ordnance  Corps  Committee 
on  Defense  Against  Shaped  Charge  Program. 

2.  Memorandum  from  Director  BEL  to  Director,  DAPS,  2  August  1954. 

3.  Memorandum  from  Director  BEL  to  Director,  D&PS,  3  November  1954. 

4.  Monthly  Progress  Beports  on  Ordnance.  Project  TA3-5204  (DASH  DOT)  by 
Eesearch  Division,  United  Shoe  Machinery  Corp. 

5.  Minutes  of  the  Ordnance  Corps  Committee  on  Defense  Against  Shaped 
Charge  Weapons,  November  1955. 

*  The  term  PAD  (Picatinny  Arsenal  Device)  was  proposed  by  the  DSPS  and  acoepted 
by  the  Picatinny  Arsenal  representative  at  a  Committee  Meting. 
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II.  DESCRIPTION  OF  MATERIEL 


i.  Some  modification  of  the  first  demonstration  model  of  the  Pic  a  tinny 
Arsenal  device  was  effected  by  the  Terminal  Ballistics  Laboratory,  ERL.  A 
single  point  initiator  (106)  was  substituted  for  the  twin  initiators  hitherto 
used. 


1.  A  flash  radiogrSpfPi^P  flfe**i4gment  pattern  of  such  a  charge  is 
provided  in  Vol.  I.  No.  2  of  the  Ordnance  Corp6  Shaped  Charge  Journal,  Oct. 
5Uf (Pages  -  276-277) . 


2.  This  radiograph  shows  the  divergence  and  critical  curvature  of  a 
single-point  initiated  sheet  jet.  A  3 -point  -  initiated  charge  with  m  essentially 
straight  front j  had  interacting  jets  where  the  main  fronts  met  at  the  liner.  This 
charge  had  a  ninety  degree  wedge  angle  with  a  l/L6  inch  copper  liner.  For  the 
dynamic  firing  teats  described  herein,  the  TBLf*  BRL  versions  of  the  PAD  were  used. 
A  sketch  of  a  typical  PAD  is  provided  in  Appendix  B.  The  devices  used  were  ten 
inches  long  and  loaded  with  1.67  lbs.  of  C3*  In  section  the  steel  or  copper  liner 
resembles  the  letter  M.  The  interior  angle  was  usually  large,  ranging  from  115 
to  165  degrees  for  different  liner  designs  and  materials. 


B.  Target  armor  for  the  dynamically-fired  projectiles  was  rolled  homogeneous 
armor  of  varying  thicknesses  and  obliquities.  Thickness  and  obliquity  were  combined 
so  that  the  projectile  could  defeat  the  armor  unless  degraded  by  the  PAD  fragments. 
Major  items  used  are  listed  below: 


PROJECTILE 

90nn  AP,  T33E7 
9Ctam  HEF-T,  Tli|2E3 
106mm  HEAT,  Til  SELL 

m .  DETAILS  OF  TEST 

A.  PROCEDURE 


WEAPON 

Gun,  M3 
Gun,  T119 
Rifle,  M70 


ARMOR 

It  inches  R.H. 
2  inches  R.H. 
h  inches  R.H. 


OBLIQUITY 


1.  For  the  major  test  phases,  i.e.,  defeat  of  dynamically  fired  missiles, 
the  target  armor  was  placed  in  plate  butts  to  provide  obliquity  in  the  vertical 
plane.  The  chargee  (PADS)  and  triggering  screens  were  then  positioned  on  the  ground, 
usually  a  few  feet.,  from  the  armor.  These  distances  were  changed  as  test  requirements 
dictated.  The  vertical  and  the  horizontal  distances  between  the  charge  and  the 
trajectory  of  the  attacking  projectile  were  varied  for  different  projectiles. 


2,  When  the  projectile  was  fired  at  the  target  armor,  it  passed  through 
and  short-circuited  a  p^r  of  closely  spaced  aluminum  foil  or  wire  mesh  screens. 
This  permitted  initiation  of  an  M36  electric  detonator  which  in  turn  initiated  the 
PAD*  A  successful  PAD  was  one  which  prevented  complete  penetration  of  the  armor, 
by  the  attacking  (target)  projectile. 

3.  When  test  results  dictated,  fas tax  films  were  taken  to  obtain  data 
on  the  behavior  of  the  PAD  fragments  and  on  the  target  projectile. 
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iu  To  obtain  data  on  PAD  fragment  velocity  and  penetration  characteristics, 
special  detonation  tests  were  conducted  in  a  final  test  phase*  PADS  were  detonated 
so  that  fas tax  films  of  fragments  striking  mild  steel  plate  could  be  made*  The 


time  interval  between  the  detonation  and  the  flash  caused  by  a  fragment  striking 
the  target  was  computed  from  the  film*  Since  the  charge  to#ylf£&^ilstspce  was  known, 
the  velocity  of  the  fastest  liner  fragments  was  determined  .X  L  I*  D  L  J 


5*  The  PAD  liner  fragments  were  checked  for  depth  of  penetration  into 
mild  steel,  both  with  and  without  a  filling  of  mud  in  tha  liner  wedge.  It 
appe«.ired  that  such  penetration  was  limited  for  the  weight  of  explosive  used* 
Accordingly,  a  crude  comparative  fragmentation  test  was  devised* 


a.  Locally  available  steel  pipe  nipples,  2  inches  ID  by  6  inches  long, 
and  2  1/2  inches  ID  by  10  inches  long,  were  half-filled,  axially,  with  plaster  of 
paris*  A  hole  was  drilled  in  the  nipple  wall  at  mid -length,  thru  the  inert  filler, 
to  house  a  tetryl  pellet.  Explosive  C3  was  then  pressed  into  the  remaining  semi¬ 
circular  segment  of  the  pipe,  for  its  full  length.  In  s action,  the  pipe  looked 
like  this i 


B.  RESULTS 

1.  Detailed  firing  data  and  results  for  the  PAD  vs  90mm  AP  T33E7  shot 
and  vs  the  I06nm  HEAT  T119E11  are  contained  in  F.R.  No.  Ar-203^2,  a  copy  of  which 
forms  Appendix  C. 

a.  With  steel-lined  PADs  eighteen  inches  below  the  trajectory,  90tan 
AP  T33E7  projectiles  were  defeated  four  times  in  four,  at  projectile  velocities  of 
the  order  of  20$0  fps.  The  defeated  projectiles  were  cracked  or  broken  by  liner 
fragments  as  shown  by  one  smear  type  photograph,  AHI  B 21 67,  in  Appendix  Cjwhen  the 
velocity  of  the  attacking  T33E7  projectile  was  increased  to  25>00  fps,  the  projectile 
defeated  the  target  a rraor  in  the  limited  firings  conducted.  The  exact  interaction 
between  liner  fragments  and  successful  projectile  is  not  known.  A  change  in  liner 
design  or  orientation  may  be  adequate  for  defeating  the  higher  velocity  projectile. 
(For  attack  at  15°  obliquity  by  90mm  AP  T33X7,  tha  ballistic  limit  velocity  of  a 
4-lnch  rolled  homogeneous  armor  plate  like  the  target  plate  ie  usually  of  the  order 
of  1700  fps). 
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b.  With  copper-lined  charges  at  the  seme  distance  (18  inches  below 
and  U  inches- off  center  of  the  trajectory),  several  rocoilless  rifle  rounds, 

I06sn  HEAT,  T119E11,  were  defeated.  At  29  inches  below  and  six  inches  off  center, 
and  at  forty-two  inches  below  and  nine  Inches  off  £€>^£9%  MmfIW  was  successful* 
One  round  was  fired  for  each  condition  described.  ^  L  I  U|>  I 

c.  Several  of  the  other  rounds  fired  in  this  106mm  T119K11  series 
were  of  dubious  quality,  however.  This  was  evidenced  by  a  fuze  failure  on  a  final 
T119E11  fired  as  a  check.  Without  a  PAD  in  position  to  attack  it,  this  last  round 
broke  up  on  the  face  of  the  target  armor  plate  without  proper  functioning. 

2.  Detailed  firing  data  and  results  for  the  target  90ram  HEP-T  T1U2E3 
projectiles,  fired  at  velocities  of  the  order  of  2320  fps,  are  contained  in 
Appendix  D.  Copper  lined  charges  with  included  angles  of  110°,  lUO^  and  165° 
were  used.  A  summary  of  results  follows: 


PAD  LINER  ALC-LE 
115° 

1U0° 


165° 


VERTICAL  STANDOFF 

(PAD  below  Trajectory) 

1  at  18  inches 
1  at  30  inches 
1  at  bS  inches 

1  at  18  inches 
3  at  30  inches 
6  at  Up  inches 

2  at  60  inches 

1  at  30  inches 


RESULTS 


Projectile  defeated 
Projectile  defeated 
Projectile  not  defeated 

Projectile  defeated 
Projectile  defeated 
Projectile  not  defeated 
Projectile  not  defeated 

Projectile  not  defeated 


3.  It  appears  then  that  vertical  distances  greater  than  thirty  inches  are 
too  much  for  the  PAD,  as  tested,  against  90mm  HEP-T,  T1U2E3. 

U.  7/hen  it  seemed  that  fragment  energy  fall-off  or  some  similar  factor 
was  critical  over  a  short  distance  (i.e.,  from  30  to  U£*),  fas tax  films  to  obtain 
liner  fragment  velocity  data  were  taken.  Inspection  of  films  indicated  that  a  few 
of  the  fastest  liner  fragments  were  of  approximately  uniform  velocity  (11,000  fps) 
over  a  six  foot  distance.  Velocity  data  for  most  liner  fragments  was  not  obtainable 
by  standard  high  speed  photography  methods. 

5.  Static  detonation  of  the  charge  for  fragment  penetration  data 
indicated  fairly  limited  spread  ard  penetration.  (See  Appendix  E  and  Photos)* 
Comparable  penetrations  and  wider  spread  were  obtained  using  locally  available 
2  l/2  inch  galvanized  steel  pipe  nipple  and  lesser  explosive  charge  weights. 

6.  7/hen  the  wedge  or  cavity  of  one  charge  was  filled  with  moist  soil, 
a  fall -off  in  fragment  penetration  was  observed. 
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C .  OBSERVATIONS 


1,  a.  The  defeat  of  attacking  chemical  energy  ammunition  (HEAT,  HEP-T) 
resulted  from  high  order  detonation  of  the  explosive  charge*_  This,  in  turn,  resulted 
from  copper-liner  f  ragment  penetration  of  the  shell  bodyf^ 


b.  A  high  order  detonation  of  an  incoming 


desirable* 


for  the  vehicle  being  defended.  Attempts  to  defeat  chemical  energy  ammunition  by 
lower  energy  particles  may  be  desirable  from  this  standpoint  as  well  as  Urom  the 
standpoint  of  reducing  the  amount  of  explosive  filler  in  the  defending  charge* 


2.  The  maximum  vertical  distance  required  between  incoming  missile  and 
liner  varied  with  each  type  of  missile.  For  defeating  kinetic  energy  rounds,  a 
shorter  distance  may  be  required.  If  this  is  so,  a  determination  of  the  major 
missile  targets  should  be  made.  This  re-evaluation  of  the  mission  of  PAD  type 
devicepis  necessary  because  of  the  possibility  of  specially  designed  ammunition 
of  the  HEAT  type  which  might  frustrate  such  a  device  (See  IA-Discussion). 


D.  OBSERVERS 

In  addition  to  DIPS  and  BRL  personnel  directly  connected  with  these  firings, 
the  following  were  present  for  some  phases  of  the  HEP-T  firings : 

Mr.  Paul  Tillner  -  Pic a tinny  Arsenal 

Mr.  J.  L.  Minto  -  United  Shoe  Machinery  Corp. 


IV.  COUCLUS 1QKS 

A.  The  PAD  (Linear  Cutting  Charge)  as  tested  offers  considerable  promise  for 
protection  of  armored  targets  against  chemical  energy  ammunition  of  the  HEAT  and 
HEP  type. 

B.  The  device  also  offers  considerable,  if  not  superior  promise  for  use  against 
high  explosive  shell, s  raor  piercing  projectiles  and  similar  artillery  amnunitiom. 

C.  As  tested,  the  performance  against  90MM  AP  ammunition  fell  below  that 
against  HEP-T  and  HEAT. 

D.  The  tactical  performance' of  such  a  device  nay  be  limited  by  environmental 
conditions  such  as  terrain,  snow,  dust,  etc. 

E.  The  test  data  does  not  permit  selection  of  an  optimum  liner  material  or 
configuration  until  tactical  objectives  and  limits  of  performance  have  been 
established. 

*  Large  caliber  HE  filled  shell  may  cause  serious  blast  damage  on  the  tank  exterior. 
Fragments  resulting  from  a  high  order  detonation  would  also  he  a  serious  damage  threat. 
A  low-order  detonation,  or  mere  shell  break-up,  is  therefore  preferable. 
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V.  RECOMMENDATIONS 

A.  The  development  of  expA^frr^dkP  linlr  combinations  should  be  extended 
to  provide  a  determination  of  the  most  effective  system, 

B#  The  application  to  defeat  foreign  HEAT  and  kinetic-energy  artillery 
ammunition  should  be  stressed  in  future  development, 

C,  Increased  versatility  of  the  device  should  be  a  major  objective  in  future 
design,  with  some  attention  to  anti-personnel  utilisation. 


D,  Tests  to  determine  operational  suitability  on  a  moving  vehicle  should  be 
Initiated,  Performance  under  v arying  weather  and  terrain  conditions  should  be 
investigated • 


E.  Specific  military  characteristics  should  be  made  the  basis  of  future  design 
These  characteristics  should  take  into  consideration  the  limitations  and  potential 
versatility  of  the  charges  tested  as  described  in  this  report  as  well  as  such 
obvious  considerations  as  safety  of  tank  c  rev/s  and  tank -accompanying  infantry. 


ARTHUR  PILLEKSDOI# 
Eng.  Ordnance 


/  i 


ft.. 


rX/ 

1'A.VT  S.  GOODWIN 
'Assistant  Director  for 
'\Bjgineering  Testing 
Development  &  Proof  Services 


l/L 

HERBERT  L.  ROSENBEHG  I 

Chief,  Terminal  Ballistics 
Division 
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APPENDICES 

APPENDIX  A  -  Correspondence 

APPENDIX  B  -  Sketch  of  PAD 

APPENDIX  C  -  Firing  Record  Ar-20352 

APPENDIX  D  -  Firing  Data  and  Results  —  PAD  vs  9Ctan  HE— P 
APPENDIX  E  -  Witness  Plate  and  Fragmentation  Data 

APPENDIX  F  -  APO  Photographs  Nos.  B5968— -B*>97J  Inclusive. 
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APPENDIX  A 
CORRESPONDENCE 


1.  Interoffice  Memo  from  Direotor,  BRL  to  Direotor,  D&PS 

dated  2  August  1954  with  1st  Indorsement  dated  19  October  1954 

2.  Interoffioe  Memo  from  Director,  -BRL  to  Director,  D&PS 
dated  3  November  1954 

3.  Letter,  File  AFG  (S)  47l/5l»  00  U2-/W&2. 

4.  Teletype  0RDBB-TR1  TT8696  22706  7  1954 


CO  FT 


SECRET 


K 


Request  for  Firing  of 
Energy  Rounds  and  10# 
HEAT  Rounds 

Director,  Development 


90nm  Kinetic  1st  Ind  Ur  APillersdorf ^ilc/23229 


mET 

4  Proof  Services, 


19  October  19$h 


TO:  Director,  Ballistic  Research  Laboratories 

1.  The  dynamic  firing  test  requested  has  been  completed.  Firing  data 
and  results  are  contained  in  Firing  Record  AR-203#2,  copies  of  which  are  to 
be  forwarded  to  both  ’Teapons  Systems  and  Terminal  Ballistics  Laboratories. 


2.  As  pointed  out  by  the  D&PS  representative  at  meetings  of  the 
Comnittee  on  Defense  Against  Shaped  Charges  the  Picatinny  Arsenal  Device 
offers  particular  promise  against  non-HEAT  rounds.  The  90nm  A P  T33E7 
round  is  the  most  severe  test  of  the  device.  At  very  low  remaining 
velocities  (2050  fpr  or  so),  the  round  was  totally  defeated  four  times 
in  four.  At  2#00  fps  or  so,  the  charges  provided  by  TBL  were  unsuccess¬ 
ful  in  stopping  the  round.  Since  appropriate  development  testing  of  this 
device  has  been  so  limited  to  date  D&PS  has  proposed  to  test  various  modifi¬ 
cations  and  applications  of  this  device,  particularly  against  foreign 
ammunition.  Replies  from  ORDTA,  ORDTB,  and  ORDTT  are  presently  awaited. 

3.  in  view  of  the  SECRET  classification  of  results  on  this  project 
by  Picatinny  Arsenal,  this  correspondence  is  being  upgraded  accordingly. 


T.  F.  COLLERAN 
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COPT  OF  CONFIDU.'TiaL  OFFIC  -  MEMORANDUM  FOR  FILE 

Ur  Kirkpatrick/ccw/22261 
2  August  1 95k 

TO  :  Director,  Development  &  Proof  Services 


FROM 


Director,  Ballistic  Research  Laboratories 


SUBJECT :  Request  for  Firing  of  90nm  Kinetic  Energy  Rounds  and  105mm 
Recoilless  HEAT  Rounds 


1.  In  connection  wTtiPliarK  ontne  defense  against  shaped  charge  weapons 
a  method  has  been  proposed  by  people  at  Picatiny  Arsenal  and  has  been  tested 
to  some  extent  by  members  of  the  Terminal  Ballistics  Laboratory.  However,  to 
determine  the  full  value  of  this  type  of  defense  it  will  be  necessary  to  fire 
full  scale  dynamic  rounds. 


2.  This  form  of  defense  consists  of  a  line  charge,  fired  by  electronic 
means,  to  damage  the  shell  before  it  arrives  at  the  armor.  Conversation  with 
Ur.  Cronman  of  TBL  indicates  that  charges  are  available  and  that  they  can  be 
prepared  for  these  tests.  It  is  desirable  that  the  results  of  these  tests  be 
available  for  the  next  meeting  of  the  Committee  on  Defense  Against  Shaped 
Charges  26  August  19?U. 


3.  The  test  desired  would  consist  of  10  rounds  of  90n«n  AP  fired  into  an 
armor  target  protected  by  this  device.  The  other  test  would  consist  of  10 
rounds  of  10£mm  HEAT  ammunition  fired  from  the  105>mm  recoilless  rifle.  The 
armor  for  this  second  condition  would  be  identical  with  that  for  the  first 
test.  It  is  desired  that  high-epeed  motion  pictures  be  made  of  the  terminal 
effects  of  these  firings. 

li.  It  is  requested  that  10  rounds  each  of  the  kinetic  energy  and  the 

HEAT  rounds  be  fired.  Necessary  material  and  labor  will  be  charged  to  Project 

TB3— 122]|B,  W.O.  962-002-00. 

5.  It  is  further  requested  that  these  Laboratories  be  notified  of 

the  time  of  the  firings  in  order  that  an  observer  may  be  present. 


s/  Herbert  R.  Dichtenmueller 
HERBERT  R.  DICHTENMUELLER 
Lt  Col  Ord  Corps 
Asst  to  Director 
BRL 
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OFFICE  MEMORANDUM 


UNITED  STATES  GOVERNMENT 


THRU  i 

TO  i 

FROM  * 

SUBJECT* 


Chief,  Weapon  Systems  Laboratory 
Chief,  Terminal  Ballistics  Laboratory 

. . lEMf" 

Director,  Ballistic  Research  Laboratories 


Test  of  HEP  vs  Line  Charge 


ELKi  rkpat  ri  ck/  ah/ 22261 
DATE*  3  November  1954 


1.  It  is  requested  that  90^®  HEP  ammunition  be  fired  to  determine  an  effec¬ 
tive  method  of  employing  the  line  charge  for  the  defeat  of  thiB  type  of  ammunition 
as  per  conversations  between  Mr.  E.  L.  Kirkpatrick  of  VirSL,  Mr.  Kr  oilman  of  TBL  and 
Mr.  Pillersdorf  of  DAPS. 


2.  Twenty- five  lot  PA  188-8  HEP  projectiles  will  be  allocated  for  these  tests 
under  Project  TB3-122l*B. 

3.  The  line  charges  with  their  sensing  circuits  will  be  supplied  by  the  TBL 
of  BRL  at  the  time  of  the  tests. 

[*•  It  is  requested  that  the  armor  arrangement  for  these  tests  be  such  that 
it  would  be  defeated  10(#  of  the  time  by  the  90«™  HEP  round  when  a  defense  mechan¬ 
ism  is  not  used.  The  arrangement  to  be  used  will  be  with  concurrence  of  TBL,  WSL 
and  DAPS  representatives. 

5.  It  is  requested  that  spalls  resulting  from  any  unsuccessful  line  charge 
defenses  be  recorded  with  their  weight,  description  and  photographs. 

6.  The  tests  will  be  interrupted  at  any  time  the  BRL  deems  necessary  for 
revision  of  the  sensing  device. 

7.  It  is  requested  that  10  rounds  be  fired  at  a  condition  before  it  is  cred¬ 
ited  with  successful  defeat  of  the  round. 


8.  It  is  requested  that  high  speed  motion  pictures  be  taken  of  the  engagement 
of  the  round  with  the  target. 

9.  It  is  requested  that  photographs  be  taken  of  the  target  arrangement  before 
and  after  the  tests. 

10.  The  results  of  these  tests  will  be  classified  "SECRET". 

11.  It  is  requested  that  the  BRL  be  notified  at  least  72  hours  prior  to  +-.he 
firing  of  these  tests  so  that  Picatinny  Arsenal  and  the  United  Shoe  Machine  Company 
under  contract  to  Picatinny  Arsenal,  nay  be  notified. 

12.  The  priority  of  this  project  is  1A, 

/s/  E.  N.  Pvirsten 
/t./  E.  N.  Kirsten 

Lt .  Colonel,  Ord  Corps 
Asst.  *-o  Director 
ballistic  Research  Laboratories 
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ltr  APillersdorf Mc/2322? 

AF0(S)]*71/31 
OOAs-18892 

ORDBQ-DPS-AA 

SUBJECT:  Dynamic  Tests  of  Picatinny  Arsenal  Device  (Cutting  Charge) 

TO:  Chief  of  Ordnance 

Department  of  the  Army 
Washington  2£,  D.  C* 

ATTENTION:  ORDTT 

1,  The  efficacy  of  the  Picatinny  Arsenal  Device  in  defeating 
kinetic  energy  and  HEAT  projectiles  has  been  demonstrated  by  a  brief 
firing  test  of  a  modified  charge  provided  by  Terminal  Ballistics 
Laboratory,  Ballistic  Research  Laboratories*  Detailed  results  are 
reported  in  Aberdeen  Proving  Ground  Firing  Record  Ar-20352, 

2*  Given  below  is  a  summary  of  results  obtained  for  the  following 
projectile  types  when  attacked  by  the  modified  Picatinny  Arsenal  Device 

a.  Four  rounds  of  90m  AP  T33&7  Shot  were  unable  to  penetrate 
a  4"  armor  plate  at  15°  obliquity  protected  by  a  cutting  charge j  the 
striking  velocity  was  approximately  20£0  fpe  whereas  the  ballistic 
limit  velocity  of  the  plate  alone  was  approximately  17 00  fpe* 

b.  Four  rounds  of  9Ctae  IP  T33E7  Shot  fired  at  approximately 
2500  fps  were  able  to  completely  penetrate  the  same  h"  armor  plate 
protected  by  a  cutting  charge* 

c.  Six  rounds  of  106nm  HEAT  ammunition  (the  T19EU  Shell) 
fired  at  approximately  1600  fpe  were  unable  to  produce  penetrations 
greater  than  2"  in  the  armor  plate  target  protected  by  a  cutting  charge 

3*  Since  the  90nm  AP  projectile  was  selected  as  the  most  severe 
test  projectile  for  the  cutting  charge,  the  potential  of  this  type  of 
device  in  an  improved  form  should  not  be  overlooked  in  other  respects : 

.  a.  For  use  against  HE  shell  and  composite  shot  (HVAP,  AP-DS, 
etc.)  as  well  as  against  Soviet  AP-HE  ammunition. 

b.  As  an  equivalent  of  appreciable  armor  thickness;  while 
the  9C«m  AP  projectiles  fired  at  2500  fps  were  not  totally  defeated, 
they  may  have  been  upeet  or  degraded  so  that  the  actual,  ballistic 
limit  velocity  against  the  target  plate  would  have  been  appreciably 
higher  than  the  limit  velocity  obtained  by  firing  against  an  "unguarded 
plate. 
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ORDBG-DPS-AA 

SUBJECT:  Dynamic  TesbsQff£|feflxJA'Ttsenal  Device  (Cutting  Charge) 

li»  The  cutting  chargfe  TsrovJ&bcP  for  this  test  had  liners  of  steel 
for  use  against  the  AP  projectiles,  and  of  copper  for  use  against  the 
HEAT  ammunition .  Results  of  static  detonation  tests  conducted  by 
Terminal  Ballistics  Laboratory  and  reported  verbally  by  their  repre¬ 
sentatives  show  that  steel  liners  in  this  type  of  charge  cause  more 
severe  damage  to  AP  projectiles  than  do  copper  liners.  Apparently  this 
is  because  the  larger  fragments  from  the  steel  liner  are  able  to  more 
effectively  damage  or  break  up  the  heavy  body  of  the  AP  projectiles. 
Steel  liners  should  also  be  effective  against  HEAT  ammunition  although 
because  of  the  thin  wall  of  such  ammunition  copper  liners  have  been 
found  sufficiently  effective.  Testing  of  materials  to  determine  what 
materiel  will  furnish  the  optimum  liner  for  effectiveness  against  all 
types  of  attack  has  bf  necessity  been  limited  to  date  but  needs  to  be 
explored  fully  to  establish  definitely  the  performance  which  can  be 
expected  from  cutting  charges.  Tests  of  liner  materials  should  include 
various  types  of  steels,  steel-copper  bimetallic  or  amalgam  liners* 
cast  iron  and  possibly  titanium  as  liner  materials. 

5.  Since  the  referenced  test  program  han  been  completed,  no  further 
testing  can  be  planned  until  new  directives  are  received. 

a.  Development  and  Proof  Services  has  received  a  copy  of  a 
directive  from  the  Detroit  Arsenal,  the  original  being  in  Office,  Chief 
of  Ordnance,  ORDTTj  it  is  recommended  that  this  directive  be  forwarded 
for  action  by  Development  and  Proof  Services. 

6.  It  is  recommended  that  Development  and  Proof  Services  be 
authorised  to  investigate  the  following: 

a.  Defeat  of  HE,  HVAP,  AP-DS,  and  Soviet  PA-HE  aaaunition  by 
cutting  charges. 

b.  Behavior  of  cutting  charges  against  higher  velocity  kinetic 
energy  (AP,  AFC )  and  HEAT  rounds,  this  to  be  given  high  priority. 

c.  Testing  of  a  cutting  charge  incorporating  desirable  features 
of  the  "Claymo ra  Device”  for  anti-personnel  use.  This  would  make  for  a 
more  versatile  and  logistically  desirable  item  of  ammunition:  A  dual- 
purpose  tank -mounted  or  hand -carried  grenade. 

d»  Applications  of  modified  forms  of  the  charge  as  an  anti-tank 
mine  and  as  a  device  to  defeat  anti-tank  mines. 
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Sketch  of  Picatinny  Arsenal  Device 
(Linear  Cutting  Charge) 


SECRET 


0 


PICATINNY  ARSENAL  DEVICE  (LINEAR  CUTTING  CHARGE) 


SECRET 


SECRET 

APFOTOIX  C 

Firing  Record  AR-203^2 
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FIRING  RECORD 


OBJ SCI  OK  TROT : 


DEVBLOIHSliT 
PROJECT  NO. i 


To  Test  Trie  Ei  fectiveness  of  a  Special 
Pieatinnv  Arsenal  uavice  (-Line  Gharg*) 
in  Defeatin0  yOnun  AP  and  106mm  HEAT 
Ammunition. 

.  »•«.  ':.V  ’  •  ■  '»«  • 


TB3-122i*B 
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FIRING  RECORD  NO i  Ar-20552f< 

SHEET  1  5 

DATE  OF  TEST:  18  August  '54  thru 
•  25  August  *54 

Memorandum  dated  2  August 
1954  from  Director,  BSL, 
to  Director.  DiPS 
962-002-00 


REFERENCE 


Wc  0. 


i 


'  MATERIAL 

~7 - - -  r  •  _  ,  * 

Rolled  rionogenec us  Armor  Plate  No/^T.1  &k&  V-lf  329BHN 

Rolled  Homogeneous  armor  Plate  No,  llij25A,  4"  x  65."  x  90",  32i|BKN 


AffCDNiT 


4os 


T^,/D 


V 


PA- E- 12  356. 


1.  Shell,  106mm,  nEaT,  T119E11  (UjlA) .  ^ 

2.  Snot,  50rnr.,  Ap  T53S7,  A/risahiition  Lot  No; 
po  Picatinny  arsenal  cutting  charge  (Line  Charge)  i-Wodifiec!  charges  provided  by  TBL, 

BRLo  Description:  BRL  Model  6,  loaded  with  1,6  pounds  cf  Comp,  6;  dimena ions 10"  long, 

2"  wide,  1  5/6"  hibh  with  LjO 0  ’’vee"  soaped  »lot  cut  longitudinally  into  one  of  the  10"  x  2" 
surfaces.  Either  a  steel  \0.0o2"  thick)  or  copper  (0,065"  thick)  liner  was  assembled  into 
the  slot.  See  Incloatrc  No.  3  for  a  sketch  of  the  Line  Charge* 


FACILITIES 

Gun,  90mm,  M3,  Nc.  617 1,  with  Tube  tic.  2597- 

Reocilless  Rifle,  106njn,  T170B1,  Nc.  166,  with  Tube  No.  6115. 


? 


JB^CHIP'I  ION  Ob’  TEoT  SETUP 


* 


The  target  armor,  a  i,"  x  bp"  x  50"  Kli  Armor  plate,  was  leaned  against  the  front  of  the 
plate  butts,  tippea  back  from  the  vertical.  The  Line  Charge  and  triggering  screens  were 
then  positioned  cn  the  ground  p  few  feet  in  front  of  the  target  plate  which  was  seme  150 
feet,  from  the  gun.  An  detonator  placed  in  the  Line  Charge  was  connected  tc  one  of  tha 

screens,  and  the  screens  energized  by  putt.in0  a  1200  vclt  0.  C.  power  supply  across  them, 
a  projectile  passing  through  the  screens  completed  the  triggering  circuit,  setting  off  tne 
id- 56  detonator  and  the  nine  Charge,  Copper  nesh  .screens  were  used  for  the  90mm  Shot,  while 
thin  aluminum  foil  strips  were  used  in  the  screens  w.en  fir inQ  the  sensitive  lOfecom  HEAT 
3heii  tc  avoid  fate  initiation. 


-  r  ~1  >•  .1 
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1‘  IRING  RECORD  NO.  Ar-20332 
Sh  SET  2  OF  3  ' 


KELULTE 


« 1* 


/Gam  AR  r33£T  Shot 


•'  .A 

>?JS 


a_  Five  round*  of  'uOmnj  A?  1 338?  ohot  were  fired  against  the  four  inch  plate  at 


13  obliquity.  The 


■tr ikinb  velocity  of  approximately  20^0  fp*  vms  some  300  fpi  above  ^ 
tlio  estimate!  ballistic  Iirr.it  oi  the  plate,  uteel  liners  were  used  in  all  charges  tested 
against  the  9Gmm  Shot.  'V  ,  ,  • 


(1)  dhe  Line  Charge  cutting  fragments masked  the  first  90n»r.  round  (teat 


round  r:c„  3)i  the  result  was  a  complete  penetration  of  the  plate. 


(2;  tarn  of  the  next  three  rounds  (test  rounds  nos.  U,  5,  and  6)  was  struck 
by  .the  cutting  fragments  of  the  Line  Charge  and  was  unable  to  penetrate  the  target;  a  6*  ...  * 

diameter  scoop  of  1"  tc  1  1/1*"  depth  was  produced  by  each  round. 


•  V: 


(3)  A  smear  type  photograph  (see  APG  Hiotc  b2 167)  was  made  of  one  round. 

As  shown  by  the  photo ,  Line  Cnarbe  fragments  have  succeeded  in  breaking  the  projectile.  '’Sr| fig 

The  entire  obive  has  been  broker,  off. 

b.  Four  rounds  of  90mm  hP  Shot  (teat  rounds  nos.  7.  ‘d,  9.  and  10)  were  fired  at 
a  velocity  increased  to  approximate iy  2500  fps,  with  the  armor  at  15°  obliquity.  Bach  %'^j 
round  made  a  0 cap lute  penetration  cf  the  target.  The  effect  of  the  Line  Charge  fragments  ^f$j 
or.  these  rounds  is  unknown  since  no  high  speed  motion  pictures  were  obtained,  ; 


2.  l^tram  oheil,  hail,  T1I9B11  (M3Uh) 


A 


So  Ten  rounds  oi  lCfcrcm  recoilless  hiiAT  ammunition  were  fired  at  approximately 
160^  i p8  with  the  target  plate  at  30°  obliquity.  Copper  liners  were  used  in  the  Line 
Charces  supplied  for  this  phase. 


' 


.  .  -./IN 


...  $ 


vl)  ~ix  106mm  rounds  (test  rounds  nos.  1,  2,  3,  h.  6,  and  7)  were  evidently  ¥ 


struck  by  the  Line  Charge  fragments;  the  effect  of  these  on  the  target  consisted,  in 
eacn  case,  of  fragment  gouges  and  small  jet  penetrations  (0"  to  2^")  of  the  armor. 


—h 


{2 j  Two  rounds  (test  rounds  ncs,  3  and  9)  apparently  were  missed  by  the  msin- 

fragments  oi  tne  Line  Charbcse  da  on  of  the  twe  rounds  completely  penetrated  the  target  and  >S» 

produced  residual  penetrations  of  approximately  2"  in  a  vertical  back-up  armor  plate  plaoed  .» 

eleven  feet  behiiid  the  uarbet.  -3*0 

'  ' 


>; 


(3)  One  round  -test  round  no.  0)  evidently  was  missed  by  the  main  f ragmeattf-  •  .* 
ox  the  nine  Char be  and  also  fails!  tc  function  by  fuse  action.  This  round  detonated  during!  <3 
crush- up  against  the  plate  without  formation  of  a  jet.  The  sole  effect  on  the  target  plate 

.iameter  dent,  approximately  l/u"  deep. 


m 

'  f.  /•;, 


Charge , 
of  a  je 


(U/  One  calibration  round  (test  rcun4  no.‘  10)  wes  fired  without  use  of  the 
iai^ea  t0  function  by  fuse  action  and  detonated  during  crush-up  without  foraetid*i 
Results  were  identical  to  those  of  Ko&nd-  3,  . 


DETAILED  RESULTS  Of  TEST 


Inclosure  2  provides  rcund-by-rcund  firing  data  and  results. 

OBSSR  V ERS 

Other  than  BRL  and  D&PS  personnel  conducting  the  test,  no  observers  were  present,, 


No  Cc  PLEoS  ^Jc  C.  G1LLETT 

Chief,  Armor  Branch  Lt.,  Ord  Corps 

Proof  Officer 

INC  LOS  UR  EG:.’ 

1,  Distribution 

2„  firing1  Data 

5>a  Description  of  Triggering  Svs  com  ft  Line  Charge  Sketch 
4,  APG  Ihptcs  B2054,  B20p5,  B216? 
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D&SCBI  <TIOB  OF  TRIGGiSKING  SYSTEM 


iftiTiP  T  INC  SCREENS 


SPECIAL  //O  V.  SOCKET 


2.  Safety  features: 

A.  A  special  connecting  socket  for  110  V  input  kept  by  demolition 
man  until  he  is  in  shelter. 

B.  DIDT  gvitch  in  insulated  box,  closed  and  shorted  to  ground  in 
personnel  bombproof  switch  opened  just  prior  to  firing;  when  all 
personnel  are  under  cover). 


£  8EBRIT1 


v 


-t,  „ 


D  SCH  '  1C:  Lr  TitlG-u -hlr.u  o  i>T~ 


2.  Safety  Features:  continued 

C.  Screens  checked  for  infinite 


SEGBEJ 


6000  volte. 


D.  lower  supply  shorted  to  ground  prior  to  firing;  unshorted  before 
each  firing;  shorted  after  each  firing, 

E.  M36  detonator  installed  by  demolition  man  in  usual  manner  (leads 
attached,  then  M36  inserted  into  booster  through  hole  in 
supporting  plate  for  charge). 


SKETCH  OF  LIM CHARGE 
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B2054  CONFIDENTIAL 


ABERDEEN  PROVING  GROUND 


Project  No.  TB3-1224B,  Testing  of  Special  Picatinny  Arsenal  Device. 
Front  view  of  the  4"  target  plate  used  during  the  test  of  the 
Pioa tinny  Arsenal  Device  versus  the  Shell,  106rara,  HEAT,  T119E11 
(M344).  Ten  rounds  were  fired;  rounds  3  and  4  are  not  marked 
since  only  negligible  scarring  resulted  from  these  rounds. 


ONFIDENTIAL  %  ABERDEEN  PROVING  GROUND 


Project  No.  TB5-1224B.  Testing  of  Special  Picatinny  Arsenal  Device# 
Front  view  of  the  4”  target  plate  used  during  the  test  of  the 
Picatinny  Arsenal  Device  versus  the  90n2n  APT  33E7  Shot.  Eleven 
rounds  were  fired.  Rounds  1  and  2  were  fired  without  use  of  the 
Picatinny  Device.  Round  11,  badly  broken  before  striking  the  plate, 
is  indicated  by  the  circled  areas. 


B2167  CONFIDENTIAL 


ABERDEEN  PROVING  GROUND 


20  August  1954 


Project  No.  TB3-1224B.  Test  of  Special  Picatinny  Arsenal  Device. 

Shot,  90ran,  AP,  T33E7  (Round  No.  11),  broken  in  flight  by  fragments 
of  modified  cutting  charge. 
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APPENDIX  D 


FIRING  DATA  -  PAD  VS  90I.Z.!  HEP 
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FIRING  DATA  -  PAD  VS  90ML1  HEP 


RD.  NO. 

SVTTpST 

TRIGGER 
SCREEN 
DIST.  TO 
PLATE 

RESULT 

ON  PLATE 

DIST.  PAD 
BELOV/ 

FROJ  (Z) 

DIST.  PAD 
OFF-SET  FROM 

L  OF  FLIGHT 

DIST.  FAD 

TO  PLATE 

PAD  LINER 
ANGLE 

l 

Not  Meas. 

None 

Used 

Spall 

No  PAD 

qcp.RFT 

- 

2 

None 

Used 

Spall 

No  PAD 

uCJunC  1 

- 

— K-a 

3 

A1  .Llesh 
30" 

No 

Spall 

18" 

32" 

140° 

h 

2332 

Al.  llesh 
30" 

No 

Spall 

30" 

6" 

32" 

UxO° 

5 

2331 

Al.Foil 

30" 

Spall 

60" 

10" 

32" 

U400 

6 

2336 

AlJToil 

30" 

Spall 

60" 

10" 

32" 

11*0° 

7 

233U 

Cu. llesh 
30" 

Spall 

1x9' 

6" 

32" 

iUo° 

6 

2358 

Cu.Mesh 

30" 

Spall 

h$" 

6" 

30" 

1150 

9 

236I 

Gu .Mesh 
30" 

Spall 

1x9' 

6" 

30" 

-■SHHf- 

O  ON 

H 

CM 

Cu.Mesh 

U3" 

Spall 

30" 

6" 

h7" 

165° 

11* 

Cu.ltesh 

30" 

No 

Spall 

18" 

6" 

32" 

115° 

12* 

Cu.Mesh 

30" 

No 

Spall 

30" 

6" 

32" 

1^0° 

13* 

Cu.Mesh 

30" 

Spall 

19' 

6" 

32" 

1U00 

lli* 

Cu.Mesh 

30" 

No 

Spall 

30" 

6" 

32" 

115° 

15 

Cu  .llesh 

30.5  ft 

No 

Spall 

30" 

6" 

30.6  ft 

iiiO°  a 

16* 

Cu.Mesh 

30.5  ft 

Spall 

U9' 

6" 

30.6  ft 

1  no0 

17 

2020 

Cu .  esh 
30" 

Spall 

h  9' 

6" 
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32" 
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RD.  NO. 

ST-TTpST 

TRIGGER  A 
SCREEN 
DIST.  TO 
PLATE 

FIRING  DATA 

-  PAD  VS 

90: El  :EP  (CONT'D) 

ecru 

RESULT 

ON  FLATE 

DIST.  P.  D 
BELOV/ 
FROJ  (Z) 

DIST.  PAD 
OFF-SET  FROM 

L  OF  FLIGHT 

DIST. PAD 
TO  PLATE 

18 

Cu.Mesh 

Spall 

b9' 

6" 

3b" 

2320 

U6" 

19 

Cu.Mesh 

Spall 

h9' 

6" 

3b  ft 

3b  ft. 


*  Velocities  not  measured.  Estimated:  2320-23^0  fps. 
**  Calibration  of  Ammunition 

-x-K-jt-  PAD  not  initiated 

#  Fastax  films  taken 
it#  Missed  screen 


PAD  LINER 
ANGLE 

iUo° 
ii40°  an 
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FASTAX 
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APPENDIX  E 


r  Li.:  ai:d  .VI tness  plate  trials 
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I.  PHASE  I 

A.  PURPOSE 


To  obtain  fragment  velocity  and  penetration  data,  using  mild  steel  target 
witness  plates, 

B.  AMMUNITION 

Two  pads  with  lli0°  copper  liners.  No,  1  was  statically  detonated  with  base 
parallel  to  p round, mild  steel  laminate  66  inches  overhead.  Laminate  consisted  of 
two  12  gauge  sheets  followed  by  1/h  inch  sheets.  No,  2  was  detonated  with  base 
perpendicular,  in  longitudinal  direction  (B),  target  66  inches  away.  Both  charges 
were  photographed  by  Fastax  camera  to  obtain  fragment  velocity  data, 

C.  PADS  3  and  U 


115  degree  liners,  detonated  like  No,  2  except  that  laminate  of  witness  sheets 
consisted  of  one  12  gauge  mild  steel  sheet  followed  by  1/h  inch  mild  steel  sheets.  These 
charges  were  detonated  for  fragment  distribution  data.  (See  PLots  1,2,  and  3).  Pad  No.  h 
was  modified  to  simulate  combat  conditions  as  follows:  The  liner  trough  or  wedge  angle  was 
filled  with  moist  soil  scraped  in  the  test  area.  This  dirt  filler  was  held  in  place  by 
masking  tape.  The  charge  was  detonated  against  the  same  setup  as  was  No.  3,  A  sum  ary  of 
fragment  penetration  and  distribution  data  is  given  in  Plots  1,2,  and  3, 

II.  PHASE  II  FRAGMENTATION  CALIBRATION 

A.  FJRVQSE 

To  obtain  an  indication  of  PAD  fragmentation  efficiency  and  penetration  capa¬ 
bilities  by  comparison  with  available  devices  using  lesser  weights  of  explosive, 

B.  PROCEDURE 

Two  2  inch  I.D.  black  pipe  nipples  and  four  2  1/2  inch  I.D.  galvanized  pipe 
nipples  were  capred  at  one  end.  Each  was  then  filled  lengthwise  with  an  inert  mixture 
(Plaster  of  Paris)  for  one  half  of  the  nipple  diameter,  looking  in  section  like  this: 


The  plaster  filling  was  then  drilled  thru,  at  the  center  of  the  nipple  length,  for  a 
tetrvl  boost  r  pellet.  The  remaining  serai-circular  section  was  then  filled  with  explosive 
C3.  A  tabulation  of  the  pipe  charge  characteristics  follows: 
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C.  PIPS  CHANGE  DATA 

Pipe  ID 
Pipe  OD 
Pipe  Length 


SECRET 

2  inches  2  1/2  inches 

2  3 /L6  inches  2  13A6  inches 

6  inches  10  inches 


Pipe  Type  Black  Galvanized 

7/t  Charge  .53  £.03  lb  C3  1.3  lbs  C3 

TTt  Pipe,  two  Steel  Caps 

(at  ends)  &  Inert  Load  U.75  lbs  10.2  lbs 

7>'t  of  Single  Cap  1.15  lbs  2.15  lbs 

Wt  as  fired  w/one  cap  5*3  £.10  lbs  9.3  £.10  lbs 

D.  RESULTS 

1.  Wh^n  the  2  inch  pipe  nipple  was  detonated  from  a  position  with  its 
axis  parallel  to  the  ground,  the  fragment  pattern  obtained  was  apparently  too 
limited  to  be  comparable  to  a  PAD.  The  next  charge  used  was  the  larger  diameteij 
longer,  2  1/2  inch  I.D.  nipple.  This  charge,  effectively  a  miniature  bangalore 
torpedo, was  detonated  with  the  axis  perpendicular  to  the  ground.  The  large  angle 
of  fragment  distribution  is  apparent  from  APG  photographs  B5971-73.  This  pattern 
might  be  considered  inherent  in  the  shape  of  the  charge  casing.  Also  noteworthy 
arej  reduction  in  numbers  of  fragments  for  t  .e  thick  steel  pipe  casings  and 
greater  proportion  of  penetrating  fragments  in  later  witness  sheet  (No.3). 


2.  A  tabulation  of  fragmentation  data  for  the  first  of  each  type  of  pipe 
nipple  and  the  four  PADS  detonated  in  the  last  phase  of  this  program  is  given  below. 
Two  additional  pipe  nipples  of  each  type  (2  inch  I.D.  and  2  1/2  inch  I.D.)  were 
detonated  .with  axis  vertical.  Fragmentation  data,  density,  and  numbers  of  indentations 
in  each  mild  steel  witness  sheet  are  summarized  in  Plots  1,  2,  and  3  which  follow. 
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MILD  STEEL  WITNESS  PLATE  FIRINGS 


CHARGE 

PAD  ffl 

U4O0  Liner 


PAD  #2 


WITNESS 

PLATES 

10  ga 
12  ga 

1A" 

1A" 


SPREAD (")  OF 
INDENTATIONS 


PENETRATIONS 


lO-lli 

6 

6 


1  TOTAL  NO.  OF  DENSITY  OF 

UnffiKP-  PETE-  INDEN-  FENE- 
T  AT  IONS  TRATIONS  1ATIQNS  TRATIONS 
Large  areas  of 


tiny  &  large 
117  23 

65  6 

3k  li 


Too  high  to  count 
.23/ft2  .12 /ft2 

.20  .Oil 

.12 


U0°  Liner 

12  ga 

21 

ko 

21 

Uo 

Large 

25.3 

— 

.30 

12  ga 

21 

liO 

21 

iiO 

w 

60 

.07 

1A" 

21 

Uo 

16 

29 

16k 

5 

.20 

.01 

lA" 

30 

36 

- 

- 

13 

1 

.02 

- 

STEEL 

FIFE  NIPPLES 

Pipe  tfl 

12  ga 

36  i 

Hi 

36  / 

Hi 

25 

7.12 

2"  ID 

12  ga 

36  / 

ik 

36  / 

Hi 

51 

10 

.10 

.02 

Axis  at 

lA" 

36  / 

ih 

- 

16 

— 

.03 

— 

0°  elev. 

Pipe  §2 

Over 

Over 

2  1/2 n  ID 

12  ga 

2h 

8  ft  2k 

8  ft 

Large 

118 

Large 

7.08 

Axis  at 

lA" 

21a 

rv 

- 

83" 

5 

9.3k 

90°  elev . 

lA" 

2h 

ft 

- 

- 

1 

3.06 

Very 

PAD  #3 

12  ga 

1*8 

15 

55 

Large 

- 

- 

115°  Liner 

lA" 

27 

k8 

12 

55 

11 

16 

21.3 

1.7 

iA" 

15 

kl 

- 

kl 

_ 

9.6 

lA" 

12 

hi 

- 

- 

19 

- 

5.5 

- 

Approx. 

PAD  Jh 

12  ga 

30 

35 

30 

35 

Large 

75 

Large 

10.26 

115°  Liner* 

lA" 

30 

35 

0 

20 

2.08 

2 

28.5 

_ 

lA" 

21* 

32 

- 

— 

13 

mm 

2.1* 

_ 

iAtt 

Center 

of  PL  ate 

2 

- 

— 

— 

Sandy  loam  loosely  held  in  wedge  by  masking  tape. 
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i.  • 

r 

1 

i 

a 

_ 

ft 

1  1 

1 

' 

1 _ 

HI 

HI 

•  - 

r 

r 

! 

• 

a 

i 

1Y. 

_ 

- 1 

SECRET 


SECRET 

APPENDIX  F 

APG  PHOTOGRAPHS  NOS.  B^968  THRU  89973 
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ABERDEEN  PROVING  GROUND 


Projeot  No •  TB3— 1224B.  Tea j  of  Plcatinny  Arsenal  Device  (Pad).  Pene¬ 
tration  into  Mild  Steel* 

Pad  No*  2*  Fragment  damage  66”  from  charge  in  first  sheet  (12  ga.) 
°f  witness  plate  laminate* 
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B5969  SECRET  8  ABERDEEN  PROVING  GROUND  8  24  January  1966 

Project  Ho,  TB3-1224B,  Test  of  Picatinny  Arsenal  Device  (Pad).  Pene¬ 
tration  Into  Mild  Steel, 

Pad  No,  2.  Fragment  damage  66n  from  charge  in  seoond  aheet  (12  ga,} 
of  witness  plate  laminate. 


GROUND  & 


ABERDEEN  PROVING  GROUND 


Projeot  No.  TB3-1224B.  Teat  of  Pioatinny  Arsenal  Devioe  (Pad).  Pene¬ 
tration  into  Mild  Steel. 

Speoial  Derioe  No.  2.  Fragment  damage  66"  from  charge  in  first 
sheet  (12  ga.)  of  witness  plate  laminate. 
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Project  Ho*  TB3-1224B.  Test  of  Plcatlnny  Arsenal  Device  (Pad).  Pene¬ 
tration  Into  Mild  Steel* 

Speolal  Devloe  No.  2*  Fragment  damage  66”  from  oharge  In  second 
sheet  (l/4B)  of  witness  plate  laminate* 


SECRET  t  ABERDEEN  PROVING  GROUND  Z  24  Janua^y  1955 

Coot  Test  of  picatinny  Arsenal  Device  (Pad,.  Pene- 

traleeclaf  De^ce  No?!.'  Fragment  damage  66"  from  charge  in  third 
sheet  (1/4" )  of  wltne33  plate  laminate. 
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JLEVZi'TH  R  FORT  >N  PROJECT  T33-122U3  (CjNTO] 


QPY  ro. 

23 

2U 

25 

26 

27 

28 

29 

30 

31 

0,  1-2 
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I.  INTRODUCTION: 


A.  DISCUSSION 


1.  On  28  July  1953,  a  conference  on  Defense  Against  Shaped  Charges  was 
held  at  the  Ballistic  Research  Laboratories,  APG.  This  conference  resulted  in  the 
formation  of  the  Ordnance  Corps  Committee  on  Defense  Against  Shaped  Charges.*  At 
this  same  conference,  a  unique  method  of  defense  against  shaped  charge  missiles, 
evolved  by  Picatinny  Arsenal  personnel,  was  described.  In  this  method,  a  lined 
explosive  charge, **triggered  by  an  incoming  projectile,  produces  a  sheet  of 
fragments  in  a  plane  roughly  normal  to  the  trajectory  of  the  missile.  These  frag¬ 
ments  strike  the  HEAT  shell  body  and  so  damage  it  that  the  shell  loses  its 
penetration  capabilities.  The  application  of  this  device  then  envisioned  was  the 
setting  of  a  series  of  such  charges  on  the  stowage  boxes,  fenders  and  turret 
periphery  of  a  tank,  as  necessary. 


2.  The  lined  explosive  charge  dAftiwytrerffeB "Initially  was  referred  to  as  a 
"linear  cutting  charge,"  after  the  British  terminology.  It  was  described  more  fully 
at  the  first  meeting  of  the  above-cientioned  Committee  on  25  September  1953* 


3.  At  the  meeting  in  September  1953,  the  charge  model  was  described  by 
Picatinny  Arsenal  as  approximately  eight  inches  long,  carrying  a  little  over  a 
pound  of  explosive,  with  a  T18  detonator  and  annular  booster  near  each  end,  making 
for  two-point  initiation.  In  the  first  tests  by  Picatinny  Arsenal,  seven  3*5  inch 
HEAT  W28A2  rockets  were  fired  at  armor  plate,  first  striking  a  pair  of  aluminum  foil 
electric-detonator  triggering  screens  in  front  of  the  plate.  These  screens,  on 
short-circuiting,  permitted  the  detonator  system  to  initiate  the  charges.  No  3.5 
inch  rocket  round  penetrated  more  than  three-fourths  of  an  inch  of  the  armor  against 
which  it  was  fired. 


U.  The  suggestion  was  made  by  the  D&PS  representative  at  this  meeting 
that  such  a  device  was  potentially  even  more  valuable  against  other  missiles  than 
HEAT.  This  was  predicated  on  two  possibilities: 

a.  Effective  breaking  up  or  cracking  of  a  large  caliber  armor-piercing 
shot  might  be  achieved  by  the  impact  of  liner  fragments  on  the  projectile  body. 

This  aspect  was  investigated  in  the  tests  to  be  described. 

b.  The  impact  of  a  liner  fragment  of  sufficient  momentum  might  deflect 
or  upset  the  target  missile  by  an  amount  sufficient  to  prevent  complete  penetration 
of  the  target  armor*  An  elementary  study  of  this  aspect  indicated  that  upsetting  a 
large  caliber  projectile  of  the  AP  or  AP  HE  type  by  fifteen  degrees  (a  conservative 
guess  of  the  amount  necessaxy  to  degrade  the  penetration  capability  of  typical  AP 
projectiles  fired  against  oblique  armor)  requires  an  inordinately  large  fragment 
momentum.  A  limiting  condition  is  the  distance  the  missile  must  travel,  before  it 
strikes  the  target  armor,  after  being  hit  by  a  liner  fragment* 

5.  a.  A  basic  limi  ation  of  the  method  of  defense  by  this  explosive  device 
is  the  necessity  for  a  reliable  and  accurate  sensing  and  triggering  system.  One 


Ref.:  Letter  fr>m  OIDTB,  File  No.  33U/92L,  APO  337/900 
See  sketch  in  Apoendix  3 
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reason  given  for  the  relatively  slow  development  of  the  charge  is  that  without  an 
automatic ,  quick-acting,  sensing  and  initiating  system,  it  is  relatively  useless 
for  its  intended  purpose.  ~ 


b.  Considerable  progr 


however,  in  the  direction  of 


developing  a  sensing  and  triggering  system,  tinder  project  DASH  DOT,  Ordnance  Project 
No.  TA3-£20iu  Under  technical  supervision  of  the  Picatinny  Arsenal,  the  United  Shoe 
Machinery  Corporation  has  developed  an  electronic  mechanism  system  for  the  purpose 
described  above. 


c.  The  following  is  a  description  of  the  system  provided  by  the 
contractor  in  a  progress  report » 

A  method  using  C.W.X.  band  radar  has  been  tentatively  adopted  for 
the  detection  of  attacking  missiles.  Missile  velocity  is  determined  by  the  doppler 
frequency  produced  by  the  impact  of  the  transmitted  energy  on  the  approaching 
missile.  The  range  of  missile  velocities  involved  requires  the  production  of  a 
time  delay  which  increases  as  the  missile  velocity  decreases*  in  order  that  all 
missiles  may  be  in  the  same  vertical  plane  at  the  instant  of  detonation  of  the  linear 
charge  which  is  used  to  defeat  the  missile.  The  delay  required  for  all  missiles 
between  200  and  3000  fe6t-per-second  velocities  has  been  worked  out,  theoretically 
resulting  in  all  missiles  being  in  the  same  vertical  plane  £  1.1*3  inches  over  a 
vertical  distance  of  £  feet.  Various  methods  of  developing  the  required  delay 
have  been  explored  and  a  breadboard  model  of  a  simple  and  reliable  method  has  been 
constructed.  The  delay  available  has  been  extended  to  3800  microseconds  maximum,  to 
include  low  velocity  missiles  arriving  at  extreme  angles  of  obliquity.  The  radial 
velocity  of  a  200  feet  per  second  missile  may  be  only  67  feet  per  second,  producing 
a  doppler  frequency  of  some  I36O  cycles  per  second.  A  "missile  simulator"  in  which 
Styrofoam  cylinders  are  propelled  along  a  plexiglass  tube  has  been  constructed  to 
enable  preliminary  tests  to  be  run  in  the  laboratory.  Missile  velocities  in  excess 
of  3$0  feet  per  second  have  been  obtained  in  the  "simulator"  and  velocities  up  to 
500  feet  per  second  should  be  possible  with  increased  air  pressure. 

d.  A  description  of  the  instrumentation  used  is  provided  in  the  January 
1955  progress  report  by  the  same  agency. 

e«  A  test  with  the  breadboard  model  sensing  dynamically-fired  artillery 
missiles  was  described  at  the  meeting  of  the  Ordnance  Corps  Committee  on  Defense 
Against  Shaped  Charges  on  1  Nov  195^.  The  test  results  were  generally  satisfactory. 

f.  A  second  limitation  of  the  device  in  its  present  form  is  that 
connected  with  exposed  mounting  on  a  vehicle.  With  the  apex  of  the  liner  in  normal 
position,  so  that  fragments  can  be  projected  upvard  ,  the  device  may  accumulate  mud, 
dust  and  snow  in  the  exposed  cavity.  A  brief,  inconclusive  test  of  the  PAD  was 
conducted  in  conjunction  with  the  calibration  and  high  speed  movie  firings  to 
investigate  this  limitation.  Some  reduction  in  fragment  energy  was  noted  with  one 
change* 
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6.  Countermeasures  that  night  he  deployed  against  a  successful  application 
of  a  radar-controlled  PAD*  system  to  a  vehicle  would  depend  to  a  large  extent  on  the 
performance  of  the  sensing  system  and  the  location  of  the  PAD. 


a.  If  the  chargee  were  mounted  close  to  the  tank  surfaces,  and  aimed 
vertically .  it  might  be  feasible  for  the  enemy  to  use  and  attacking  HEAT  Bits lie 
which  attempted  to  detonate  before  the  PAD  did.  A  large  diameter  (6  in.  and  up), 
long-ogived,  HEAT  round,  performing  better  at  a  long  standoff  than  conventional  ones, 
might  be  adequate  for  penetrating  the  tank  defended  by  PADs,  in  the  arrangement 
described. 


b.  A  more  coatp 
proximity  fuse  as  well. 


*SE£JiEI 


corporate  the  above  features  and  a 


c.  The  above  speculative  anti-PAD  aiisile  designs  add  additional 
support  to  the  Proving  Ground's  interest  in  the  design  and  development  of  PAD 
type  devices  for  other  applications  (i.e.  antl-AP,  antl-HE  shell,  anti-personnel, 
anti-mine ). 


d.  finally,  while  beyond  the  province  of  thiB  report,  it  is  not 
overlooked  that  PAD  type  devices  may  prove  feasible  as  protective  measures  in  some 
US  Air  force  and  US  Navy  materiel.  Air-to-air  defense  against  chemical  energy 
miasiles  is  an  application  worthy  of  serious  consideration  and  extensive  develop¬ 
ment  . 

b.  mmgs 

1.  Ltr,  OBDTB  33^/924,  APG  337/900.  Subject:  Ordnance  Corps  Committee 
on  Defense  Against  Shaped  Charge  Program. 

2.  Memorandum  from  Director  BRL  to  Director,  D&PS,  2  August  1954. 

3.  Memorandum  from  Director  BBL  to  Director,  D&PS,  3  November  1954. 

4.  Monthly  Progress  Reports  on  Ordnance.  Project  TA3-5204  (DASH  DOT)  by 
Besearch  Division,  United  Shoe  Machinery  Corp. 

5.  Minutes  of  the  Ordnance  Corps  Committee  on  Defense  Against  Shaped 
Charge  Weapons,  November  1955. 

*  The  term  PAD  (Ficatinny  Arsenal  Device)  was  proposed  by  the  D&PS  and  accepted 
by  the  Picatlnny  Arsenal  representative  at  a  Committee  meeting. 
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II.  DESCRIPTION  OF  MATERIEL 


A.  Some  modification  of  the  first  demonstration  model  of  the  Picatinny 
Arsenal  device  was  effected  by  the  Terminal  Ballistics  Laboratory,  BRL.  A 
single  point  initiator  (M36)  was  substituted  for  the  twin  initiators  hitherto 
used. 


1,  A  flash  radiog^pft"^  fflbM’rfcgment  pattern  of  such  a  charge  is 
provided  in  Vol.  I.  No.  2  of  the  Ordnance  Corps  Shaped  Charge  Journal,  Oct. 
5U, (Pages  <276-277). 


2,  This  radiograph  shows  the  divergence  and  critical  curvature  of  a 
single-point  initiated  sheet  jet.  A  3-point  -  initiated  charge  with  an  essentially 
straight  front j  had  interacting  jets  where  the  main  fronts  met  at  the  liner.  This 
oharge  had  a  ninety  degree  wedge  angle  with  a  l/L6  inch  copper  liner.  For  the 
dynamic  firing  tests  described  herein,  the  TBL*»  BRL  versions  of  the  PAD  were  used. 
A  sketch  of  a  typical  PAD  is  provided  in  Appendix  B.  The  devices  used  were  ten 
Inches  long  and  loaded  with  1.67  lbs.  of  C3.  In  section  the  steel  or  copper  liner 
resembles  the  letter  M.  The  interior  angle  was  usually  large,  ranging  from  115 
to  165  degrees  for  different  liner  designs  and  materials. 


B.  Target  armor  for  the  dynamically-fired  projectiles  was  rolled  homogeneous 
armor  of  varying  thicknesses  and  obliquities.  Thickness  and  obliquity  were  combined 
ao  that  the  projectile  could  defeat  the  armor  unless  degraded  by  the  PAD  fragments. 
Major  items  used  are  listed  below: 


PROJECTILE 


WEAFON 


9Qnn  AP,  T33E7  Gun,  H3 

9Cta  HKF-T,  Tlli2E3  Gun,  Til 9 

106am  HEAT,  T119EL1  Rifle,  M70 


ARMOR  OBLIQUITY 


U  inches  R.H.  15° 
2  inches  R.H.  55® 
k  inches  R.H.  30° 


III.  DETAILS  OF  TEST 


A.  PROCEDURE 

1.  For  the  major  test  phases,  i.e.,  defeat  of  dynamically  fired  missiles, 
the  target  armor  was  placed  in  plaie  butts  to  provide  obliquity  in  the  vertical 
plane.  The  charges  (PADS)  and  triggering  screens  were  then  positioned  on  the  ground, 
usually  a  few  feet  .  from  the  armor.  These  distances  were  changed  as  test  requirements 
dictated.  The  vertical  and  the  horizontal  distances  between  the  charge  and  the 
trajectory  of  the  attacking  projectile  were  varied  for  different  projectiles. 


2.  Y/hen  the  projectile  was  fired  at  the  target  armor,  it  passed  through 
and  short-circuited  a  pair  of  closely  spaced  aluminum  foil  or  wire  mesh  screens. 
This  permitted  initiation  of  an  M36  electric  detonator  which  in  turn  initiated  the 
PAD.  A  successful  PAD  was  one  which  prevented  complete  penetration  of  the  armor 
by  the  attacking  (target)  projectile. 


3.  Vfhen  test  results  dictated,  fastax  films  were  taken  to  obtain  data 
on  the  behavior  of  the  PAD  fragments  and  on  the  target  projectile. 
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lu  To  obtain  data  on  PAD  fragment  velocity  and  penetration  characteristics, 
special  detonation  tests  were  conducted  in  a  final  test  phase#  PADs  were  detonated 
so  that  fastax  films  of  fragments  striking  mild  steel  plate  could  be  made.  The 
time  interval  between  the  detonation  and  the  flash  caused  by  a  fragment  striking 
the  target  was  computed  from  the  film.  Since  the  charge  to^laia^jdistance  was  known, 
the  velocity  of  the  fastest  liner  fragments  was  determined." 
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£.  The  PAD  liner  fragments  were  checked  for  depth  of  penetration  into 
mild  steel,  both  with  and  without  a  filling  of  mud  in  the  liner  wedge.  It 
appeared  that  such  penetration  was  limited  for  the  weight  of  explosive  used. 
Accordingly,  a  crude  comparative  fragmentation  test  was  devised. 

a.  Locally  available  steel  pipe  nipples,  2  inches  ID  by  6  Inches  long, 
and  2  1/2  inches  ID  by  10  inches  long,  were  half-filled,  axially,  with  plaster  of 
paris.  A  hole  was  drilled  In  the  nipple  wall  at  mid-length,  thru  the  inert  filler, 
to  house  a  tetryl  pellet.  Explosive  C3  was  then  pressed  into  the  remaining  semi¬ 
circular  segment  of  the  pipe,  for  its  full  length.  In  section,  the  pipe  looked 
like  this  s 


B.  RESULTS 

1.  Detailed  firing  data  and  results  for  the  PAD  vs  90mm  AP  T33E7  shot 
and  vs  the  I06n*n  HEAT  T119E11  are  contained  in  F.R.  No.  Ar-203f>2,  a  copy  of  which 
forms  Appendix  C. 

a.  With  steel-lined  PADs  eighteen  inches  below  the  trajectory,  90am 
AP  T33E7  projectiles  v/ere  defeated  four  times  in  four,  at  projectile  velocities  of 
the  order  of  20^0  fps.  The  defeated  projectiles  were  cracked  or  broken  by  liner 
fragments  as  shown,  by  one  smear  type  photograph,  AFG  32167,  in  Appendix  Cjwhen  the 
velocity  of  the  attacking  T33E7  projectile  was  increased  to  2500  fps,  the  projectile 
defeated  the  target  a rraor  in  the  limited  firings  conducted.  The  exact  interaction 
between  liner  fragments  and  successful  projectile  is  not  known.  A  change  in  liner 
design  or  orientation  may  be  adequate  for  defeating  the  higher  velocity  projectile. 
(For  attack  at  15°  obliquity  by  90mm  AP  T33E7,  the  ballistic  limit  velocity  of  a 
4-inch  rolled  homogeneous  armor  plats  like  the  target  plate  is  usually  of  the  order 
of  1700  fps). 


SECRET 


SECRET 


b.  With  copper-lined  charges  at  the  same  distance  (18  inches  below 
and  h  inches  off  center  of  tiie  trajectory),  several  rocoilless  rifle  rounds, 

106nm  HEAT,  TU9E11,  were  defeated.  At  29  inches  below  and  six  inches  off  center, 
and  at  forty-two  inches  below  and  nine  inches  off  was  successful. 

One  round  was  fired  for  each  condition  described.  V  L  I  II  !•  I 

c.  Several  of  the  other  rounds  fired  in  thi6  106mm  T119E11  series 
were  of  dubious  quality,  however.  This  was  evidenced  by  a  fuze  failure  on  a  final 
T119E11  fired  as  a  check.  Without  a  PAD  in  position  to  attack  it,  this  last  round 
broke  up  on  the  face  of  the  target  armor  plate  without  proper  functioning . 

2.  Detailed  firing  data  and  results  for  the  target  90mm  HEP-^T  T1U2E3 
projectiles,  fired  at  velocities  of  the  order  of  2320  fps,  are  contained  in 
Appendix  D.  Copper  lined  charges  with  included  angles  of  115°,  liiCP  and  l6f>° 
were  used.  A  suimnary  of  results  follows: 


PAD  LINER  ALC-LE 
115° 

IliO0 


165° 


VERTICAL  STAI.’DOFF 

(PAD  below  Trajectory) 

1  at  18  inches 
1  at  30  inches 
1  at  i*5>  inches 

1  at  18  inches 
3  at  30  inches 
6  at  Uo  inches 

2  at  60  inches 

1  at  30  inches 


RESULTS 


Projectile  defeated 
Projectile  defeated 
Projectile  not  defeated 

Projectile  defeated 
Projectile  defeated 
Projectile  not  defeated 
Projectile  not  defeated 

Projectile  not  defeated 


3.  It  appears  then  that  vertical  distances  greater  than  thirty  inches  are 
too  much  for  the  PAD,  as  tested,  against  90mm  HEP-T,  Tlii.2E3. 

h»  7/hen  it  seemed  that  fragment  energy  fall-off  or  sme  similar  factor 
was  critical  over  a  short  distance  (i.e.,  from  30  to  U5"),  fastax  films  to  obtain 
liner  frarment  velocity  data  were  taken.  Inspection  of  films  indicated  that  a  few 
of  the  fastest  liner  fragments  were  of  approximately  uniform  velocity  (11,000  fps) 
over  a  six  foot  distance.  Velocity  data  for  most  liner  fragments  was  not  obtainable 
by  standard  hirh  speed  photography  methods. 

5>.  Static  detonation  of  the  charge  for  fragment  penetration  data 
indicated  fairly  limited  spread  ard  penetration.  (See  Appendix  E  and  Photos)* 
Comparable  penetrations  and  wider  spread  were  obtained  using  locally  available 
2  l/2  inch  galvanized  steel  pipe  nipple  and  lesser  explosive  charge  weights. 

6,  When  the  wedge  or  cavity  of  one  charge  v/as  filled  with  moist  soil, 
a  fall -off  in  fragment  penetration  was  observed. 
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C .  OBSERVATIONS 


1.  a.  The  defeat  of  attacking  chemical  energy  ammunition  (HEAT,  HEP-T) 
resulted  from  high  order  detonation  of  the  explosive  charge •_  This,  in  turn,  resulted 
from  copper-liner  f  ragment  penetration  of  the  shell  body(^ 


large,  xnis,  in  t 


b.  A  high  order  detonation  of  an  incoming  m^sfre^ii^jf  BR  indesirable* 
for  the  vehicle  being  defended.  Attempts  to  defeat  chemical  energy  ammunition  by 
lower  energy  particles  may  be  desirable  from  this  standpoint  as  well  as  from  the 
standpoint  of  reducing  the  amount  of  explosive  filler  in  the  defending  charge. 


2.  The  maximum  vertical  distance  required  between  incoming  missile  and 
liner  varied  with  each  type  of  missile.  For  defeating  kinetic  energy  rounds,  a 
shorter  distance  may  be  required.  If  this  is  so,  a  determination  of  the  major 
missile  targets  should  be  made.  This  re-evaluation  of  the  mission  of  PAD  type 
device*  is  necessary  because  of  the  possibility  of  specially  designed  ammunition 
of  the  HEAT  type  which  might  frustrate  such  a  device  (See  lA-Discussion) . 


D.  OBSERVERS 


In  addition  to  Di-PS  and  BRL  personnel  directly  connected  with  these  firings, 
the  following  were  present  for  some  phases  of  the  HEP-T  firings: 

Mr.  Paul  .Yillner  -  Picatinny  Arsenal 

Mr.  J.  L,  Min to  -  United  Shoe  Machinery  Corp. 


IV.  COIICLUS  LONS 

A.  The  PAD  (Linear  Cutting  Charge)  as  tested  offers  considerable  promise  for 
protection  of  armored  targets  against  chemical  energy  ammunition  of  the  HEAT  and 
HEP  type. 

B.  The  device  also  offers  considerable,  if  not  superior  promise  for  use  against 
high  explosive  shell,  s  mor  piercing  projectiles  and  similar  artillery  anmunition. 

C.  As  tested,  the  performance  against  90'5.i  AP  ammunition  fell  below  that 
against  HEP-T  and  HEAT. 

D.  The  tactical  performance  of  such  a  device  may  be  limited  by  environmental 
conditions  such  as  terrain,  snoY/,  dust,  etc. 

E.  The  test  data  does  not  permit  selection  of  an  optimum  liner  material  or 
configuration  until  tactical  objectives  and  limits  of  performance  have  been 
established. 

*  Large  caliber  HE  filled  shell  may  cause  serious  blast  damage  on  the  tank  exterior. 
Fragments  resulting  from  a  high  order  detonation  would  also  be  a  serious  damage  threat. 
A  low-order  detonation,  or  mere  shell  break-up,  is  therefore  preferable. 
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V.  RECOMMENDATIONS 


A.  The  development  of  ex 
to  provide  a  determination  of  the  most 


p^EiUi  ^nlr 


r  combinations 
effective  system. 


should  be  extended 


B.  The  application  to  defeat  foreign  HEAT  and  kinetic -energy  artillery 
ammunition  should  be  stressed  in  future  development. 

C.  Increased  versatility  of  the  device  should  be  a  major  objective  in  future 
design,  with  some  attention  to  anti-personnel  utilization. 

D.  Tests  to  determine  operational  suitability  on  a  moving  vehicle  should  be 
initiated.  Performance  under  v  arying  weather  and  terrain  conditions  should  be 
investigated. 


E.  Specific  military  characteristics  should  be  made  the  basis  of  future  design 
These  characteristics  should  t ake  into  consideration  the  limitations  and  potential 
versatility  of  the  charges  tested  as  described  in  this  report  as  well  as  such 
obvious  considerations  as  safety  of  tank  c  rev/s  and  tank -accompanying  infantry. 


ARTHUR  PILLEkSDOf# 
Eng.  Ordnance 


% 


r/f 

BBNfAMI" 


& 


A 


S .  GOODWIN 
l  Assistant  Direct 6r  for 
vjb^ineeri  ng  Testing 
Developme  it  &  Proof  Services 


HERBERT  L.  R0SENBH1G  I 

Chief,  Terminal  Ballistics 
Division 
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APPENDICES 


APPENDIX  A 
APPENDIX  B 
APPENDIX  C 
APPENDIX  D 
AFPEMDIX  E 
APPENDIX  F 


C  orre  s  pondence 
Sketch  of  PAD 
Firing  Record  Ar-20352 

Firing  Data  and  Results  -  PAD  vs  9Ctom  HE-P 

Witness  Flate  and  Fragmentation  Data 

APG  Photographs  Nos.  B5968—  B5973  inclusive. 
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APPENDIX  A 
CORRESPONDENCE 


1.  Interoffioe  Memo  from  Direotor,  BRL  to  Director,  D&PS 

dated  2  August  1954  with  1st  Indorsement  dated  19  Ootober  1954 

2.  Interoffioe  Memo  from  Director,  -BRL  to  Direotor,  D&PS 
dated  3  November  1954 

3.  Letter,  File  APG  (S)  4?l/5l,  00  4S-/Q»92 

4.  Teletype  0RDBB-TR1  TT8696  22706  7  1954 


copy 
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Request  for  Firing  of  90nn  Kinetic 
Energy  Rounds  and  105>n 
HEAT  Rounds 


WET 


1st  Ind  Ur  APillersdorf/^ilc/^3229 


Director,  Development  &  Proof  Services,  19  October 
TO:  Director,  Ballistic  Research  Laboratories 


1.  The  dynamic  firing  test  requested  has  been  completed.  Firing  data 
and  results  are  contained  in  Firing  Record  AR-20352,  copies  of  which  are  to 
be  forwarded  to  both  Weapons  Systems  and  Terminal  Ballistj.cs  Laboratories. 


2.  As  pointed  out  by  the  D&PS  representative  at  meetings  of  the 
Comnittee  on  Defense  Against  Shaped  Charges  the  Picatinny  Arsenal  Device 
offers  particular  promise  against  non-HEAT  rounds.  The  90mn  IP  T33E7 
round  is  the  most  severe  test  of  the  device.  At  very  low  remaining 
velocities  (20f?0  fpr  or  so),  the  round  was  totally  defeated  four  times 
in  four.  At  2^00  fps  or  so,  the  ch  rges  provided  by  TBL  were  unsuccess¬ 
ful  in  stopping  the  round.  Since  appropriate  development  testing  of  this 
device  has  been  so  limited  to  date  D&PS  has  proposed  to  test  various  modifi¬ 
cations  and  applications  of  this  device,  particularly  against  foreign 
ammunition.  Replies  from  ORDTA,  ORDTB,  and  ORDTT  are  presently  awaited. 

3.  In  view  of  the  SECRET  classification  of  results  on  this  project 
by  Picatinny  Arsenal,  this  correspondence  is  being  upgraded  accordingly. 


T.  F.  COLLERAN 
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SECRET 


SECRET 

COPY  OF  CONFID5I;TxaL  OFFIC  MEIDRANDUM  for  file 

Ur  Kirkpatrick/ccrw/2P26l 
2  August  19$k 


TO  :  Director,  Development  U  Proof  Services 
FROM  :  Director,  Ballistic  Research  Laboratories 


SUBJECT : 


Request  for  Firing  of  90mm  Kinetic  Energy  Rounds  and  105mm 
Recoilless  HEAT  Rounds 


1«  In  connection 
a  method  has  been  proposed  by  people  at 


defense  against  shaped  charge  weapons 
Picatiny  Arsenal  and  has  been  tested 


to  some  extent  by  members  of  the  Terminal  Ballistics  Laboratory.  However,  to 
determine  the  full  value  of  this  type  of  defense  it  will  be  necessary  to  fire 
full  scale  dynamic  rounds . 


2.  This  form  of  defense  consists  of  a  line  charge,  fired  by  electronic 
means,  to  damage  the  shell  before  it  arrives  at  the  armor.  Conversation  with 
Mr.  Cronman  of  TBL  indicates  that  charges  are  available  and  that  they  can  b« 
prepared  for  these  tests.  It  is  desirable  that  the  results  of  these  tests  be 
available  for  the  next  meeting  of  the  Committee  on  Defense  Against  Shaped 
Charges  26  August  19!?U. 


3.  The  test  desired  would  consist  of  10  rounds  of  90mm  AP  fired  into  an 
armor  target  protected  by  this  device.  The  other  test  would  consist  of  10 
rounds  of  lO^mm  HEAT  ammunition  fired  from  the  lO^nsn  recoilless  rifle.  The 
armor  for  this  second  condition  would  be  identical  with  that  for  the  first 
test.  It  is  desired  that  high-speed  motion  pictures  be  made  of  the  terminal 
effects  of  these  firings. 

ii.  It  is  requested  that  10  rounds  each  of  the  kinetic  energy  and  the 

HEAT  rounds  be  fired.  Necessary  material  and  labor  will  be  charged  to  Project 

TB3— 122lfB,  W.O.  962-002-00. 

$.  It  is  further  requested  that  these  Laboratories  be  notified  of 

the  time  of  the  firings  in  order  that  an  observer  may  be  present. 


s /  Herbert  R.  Dichtenmueller 
HERBERT  R.  DICHTENMUELLER 
Lt  Col  Ord  Corps 
Asst  to  Director 
3RL 


SECRET 


COPY 


OFFICE  MEMORANDUM  -  UNITED  STATES  GOVERNMENT 


THRU  * 

TO  * 

FROM  » 

SUBJECT* 


Chief,  Weapon  Syetcns  Laboratory 
Chief,  Terminal  Ballistics  Laboratory 


Di rector. 


Director, 


Development 

Ballisti c 


SW" 


Test  of  HEP  vs  Line  Charge 


ELKi  rkpat  ri  ck/ah/ 22261 
DATE*  3  November  195U 


1.  It  is  requested  that  90^  HEP  ammunition  be  fired 
tive  method  of  employing  the  line  charge  for  the  defeat  of 
as  per  conversations  between  Mr.  E.  L.  Kirkpatrick  of  V.'SL, 
Mr.  Pillersdorf  of  DAPS. 


to  determine  an  effec- 
this  type  of  ammunition 
Mr.  Kr oilman  of  TBL  and 


2.  Twenty-five  lot  PA  188-0  HEP  projectiles  will  be  allocated  for  these  tests 
under  Project  TB3-122oB. 

3«  The  line  charges  with  their  sensing  circuits  will  be  supplied  by  the  TBL 
of  BRL  at  the  time  of  the  tests. 

U.  It  is  requested  that  the  armor  arrangement  for  these  tests  be  such  that 
it  would  be  defeated  100/*  of  the  time  by  the  ^Oiam  HEP  round  when  a  defense  mechan¬ 
ism  is  not  used.  The  arrangement  to  be  used  will  be  with  concurrence  of  TBL,  WSL 
and  DAPS  representatives* 

5*  It  1 s  requested  that  spalls  resulting  from  any  unsuccessful  line  charge 
defenses  be  recordod  with  their  weight,  description  and  photographs. 

6.  The  tests  will  be  interrupted  at  any  time  the  BRL  doems  necefisary  for 
revision  of  the  sensing  device. 

7»  It  is  requested  that  10  rounds  bo  fired  at  a  condition  before  it  is  cred¬ 
ited  with  successful  defeat  of  the  round. 


8.  It  is  requested  that  high  speed  motion  pictures  be  taken  of  the  engagement 
of  the  round  with  the  target. 

9.  It  is  requested  that  photographs  be  taken  of  the  target  arrangement  before 
and  after  the  tests. 


10.  The  results  of  these  tests  will  be  classified  "SECRET". 


11.  It  is  requested  that  the  BRL  be  notified  at  least  J2  hours  prior  to  <-he 
firing  of  these  tests  so  that  Picatinny  Arsenal  and  the  United  Shoe  Machine  Company 
under  contract  to  Picatinny  Arsenal,  may  be  notified. 


12.  The  priority  of  this  project  is  1A. 


SECRET 


/s/  E.  N.  Kirsten 

/ 1 /  E.  N.  Kirsten 

I.‘  .  Colonel.  Ord  .orps 

Asst  _  t-0  Director 

.’  aliistic  Research  Lab  ir’i1,  ries 


SECRET 


Mr  APiUersdorf/hlc/23229 

AR}(S)U71/31 

OoAs-18892 

ORDBG-OPS-AA 

SUBJECT:  Dynamic  Tests  of  Picatinny  Arsenal  Device  (Cutting  Charge) 

TO:  Chief  of  Ordnance 

Department  of  the  Army 
Washington  20,  D.  C, 

ATTENTION:  ORDTT 

1,  The  efficacy  of  the  Picatinny  Arsenal  Device  in  defeating 
kinetic  energy  and  HEAT  projectiles  has  been  demonstrated  by  a  brief 
firing  test  of  a  modified  charge  provided  by  Terminal  Ballistics 
Laboratory,  Ballistic  Research  Laboratories#  Detailed  results  are 
reported  in  Aberdeen  Proving  Ground  Firing  Record  Ar -20302 , 

2#  Given  below  is  a  summary  of  results  obtained  for  the  following 
projectile  types  when  attacked  by  the  modified  Picatinny  Arsenal  Device  t 

a.  Four  rounds  of  9Ctam  AP  T33E7  Shot  were  unable  to  penetrate 
a  li"  armor  plate  at  10°  obliquity  protected  by  a  cutting  charge;  the 
striking  velocity  was  approximately  2000  fps  whereas  the  ballistic 
limit  velocity  of  the  plate  alone  was  approximately  1700  fps# 

b.  Four  rounds  of  9Ctom  AP  T33E7  Shot  fired  at  approximately 
2000  fps  were  able  to  completely  penetrate  the  same  ii"  armor  plate 
protected  by  a  cutting  charge. 

c.  Six  rounds  of  106nm  HEAT  ammunition  (the  T19E11  Shell) 
fired  at  approximately  1600  fps  were  unable  to  produce  penetrations 
greater  than  2"  in  the  armor  plate  target  protected  by  a  cutting  charge. 

3.  Since  the  9Cta  AP  projectile  was  selected  as  the  most  severe 
test  projectile  for  the  cutting  charge,  the  potential  of  this  type  of 
device  in  an  improved  form  should  not  be  overlooked  in  other  respects: 

.  a.  For  use  against  IE  shell  ancl  composite  shot  (HVAP,  AP-DS, 

etc.)  as  well  as  against  Soviet  AP-HE  ammunition. 

b.  As  an  equivalent  of  appreciable  armor  thickness;  while 
the  90mm  AP  projectiles  fired  at  2000  fps  were  not  totally  defeated, 
they  may  have  been  upset  or  degraded  so  that  the  actual  ballistic 
limit  velocity  against  the  target  plate  would  have  been  appreciably 
higher  than  the  limit  velocity  obtained  by  firing  against  an  "unguarded" 
plate. 


SECRET 


SECRET 


ORDBO-DPS-AA 

SUBJECT :  Dynamic  TestsOffTJ^flr^yT^’senal  Device  (Cutting  Charge) 

li.  The  cutting  chsrg^S  *pr§f i%b<r  for  this  test  had  liners  of  steel 
for  use  against  the  AP  projectiles,  and  of  copper  for  use  against  the 
HEAT  ammunition.  Results  of  static  detonation  tests  conducted  by 
Terminal  Ballistics  Laboratory  and  reported  verbally  by  their  repre¬ 
sentatives  show  that  steel  liners  in  this  type  of  charge  cause  more 
severe  damage  to  AP  projectiles  than  do  copper  liners.  Apparently  this 
is  because  the  larger  fragments  from  the  steel  liner  are  able  to  more 
effectively  damage  or  break  up  the  heavy  body  of  the  AP  projectiles. 
Steel  liners  should  also  be  effective  against  HEAT  ammunition  although 
because  of  the  thin  wall  of  such  ammunition  copper  liners  have  been 
found  sufficiently  effective.  Testing  of  materials  to  determine  what 
materiel  will  furnish  the  optimum  liner  for  effectiveness  against  all 
types  of  attack  has  Of  necessity  been  limited  to  date  but  needs  to  be 
explored  fully  to  establish  definitely  the  performance  which  can  be 
expected  from  cutting  charges.  Tests  of  liner  materials  should  include 
various  types  of  steels,  steel-copper  bimetallic  or  amalgam  liners, 
cast  iron  and  possibly  titanium  as  liner  materials. 

5.  Since  the  referenced  test  program  has  been  completed,  no  further 
testing  can  be  planned  until  new  directives  are  received. 

a.  Development  and  Proof  Services  has  received  a  copy  of  a 
directive  from  the  Detroit  Arsenal,  the  original  being  in  Office,  Chief 
of  Ordnance,  ORDTTj  it  is  recommended  that  this  directive  be  forwarded 
for  action  by  Development  and  Proof  Services. 

6.  It  is  recommended  that  Development  and  Proof  Services  b# 
authorized  to  investigate  the  following : 

a.  Defeat  of  HE,  HVAP,  AP-DS,  and  Soviet  PA-HE  ammunition  by 
cutting  charges. 

b.  Behavior  of  cutting  charges  against  higher  velocity  kinetic 
energy  (AP,  AFC )  and  HEAT  rounds,  this  to  be  given  high  priority. 

c.  Testing  of  a  cutting  charge  incorporating  desirable  features 
of  the  "Claymore  Device"  for  ar.ti-personnel  use.  This  would  make  for  a 
more  versatile  and  logistically  desirable  item  of  ammunition:  A  dual- 
purpose  tank -mounted  or  hand-carried  grenade. 

d.  Applications  of  modified  forms  of  the  charge  as  an  anti-tank 
mine  and  as  a  device  to  defeat  anti-tank  mines. 


CC  OCO-ORDTA 
ORDTB 
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SECRET 


RECEIVED 

wSECijEj  27 

DEV  PROOF  SERVICES 
APGjL® , 

F!J  CO  PICATINNY  ARSENAL  DOVER  NJ 

TO  CG  ABERDEEN  PG  HD 

DA  GRNC 

FOR  ORDBG-AA-DPS  PLESS  FROL!  ORDBB-TRl  TT8696  WILLNER  SGD  CARSON  YOTJR 
22706  AND  SU3SEUUSNT  FOR EC ON  BET'/EEM  PILIEESDORF  AND  WILLNER  CNR  DR 
B  A  IDO  YD  AND  HR  PAUL  WILLNER  .TILL  ATTEND  TEST  FIRINGS  7  DEC  1954  IN 
CONNECTION  TILTH  TANK  DEFENSE  PD  IN  ADDITION  A  '/-AXIHUN  OF  4  PERSONNEL 
FROM  UNITED  SHOE  1 'ACHINF.RY  CORP  ’.TILL  ATTEND  IN  CONNECTION  W  TH  CONTR 
P-49 

CFN  ORDBG-AA-DPS  ORDBB-TRl  TT8696  22706  7  1954  4  P-49 

O3A056Z 


ET034 
EGA72 
RR  UETGH 

DE  UEGRP  35 
R  03183 7Z 
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SECRET 


APPENDIX  B 


Sketch  of  Picatinny  Arsenal  Device 
(Linear  Cutting  Charge) 


SECRET 


SECRET 


SECRET 

APPENDIX  C 

Firing  Record  AR-20352 


SECRET 


>; 


i lW  a 


jjirEijBllHfrTKrTlroOF  services 

ABERDEEN  PROVISO  GRuJliD,  MARYLAND 
FIR1HG  RECORD 


MATERIAL 


#9BttN 

iOo  ,iii^5A..V’  X  65."  x  90",  524BKB  ! 

^7x3 . 


Aj^smos  -/ 

1„  Shell,  106mm,  HEaT,  T119E11  (M.5UU) . 

2,  Shot,  ?Onun,  Ap  T53S7,  Awwlnition  i/>t  MsTH1 


FACILITIES 


Gun,  90mo,  M3»  No.  617 1,  with  Tube  No 
R«oc i Hess  Rifle,  ICtxm,  T170B1,  Nc. 


F  TEST  SETUP 


DESCRIPTION 


"  x  90"  RH  Armor  plate,  was  leaned  against  the  front  of 
e  vertical.  The  Line  Charge  and  triggering  acreena  were  - 
few  feet  in  front  of  the  target  plate  whioh  waa  same  150  ? 

naror  placed  in  the  Line  Charge  waa  ocnnected  tc  one  cf  th* 
ed  by  putting  a  1200  volt  D.  C.  power  supply  aoroaa  them, 
screens  completed  the  triggerinto  circuit,  eettin^  off  tne 
Copper  n»sh  acreens  wore  used  for  the  90nun  Shot,  while 
isec  in  the  screens  wnen  fir  in.,  the  sensitive  106am  HEAT 


aheil  to  avcid  fufce  initiation. 


SBC* 


SECRET 


KIRIliC  RECORD  NO.  Ar-20352 
SHEET  2  OF  5  • 


RESULTS 


jOaa  AH  T33*S7  Shot 


Z£xr£%z?  -iteit  oi' **  pi*t-  -*->  *  • «•* *  -?  ^  ~~i 


-1-  • :  •.,•</. 


U)  Tr.e  Line  Charts  cutting  fragment*  mlilwd  the  first  90mu!  round  (teat 
rcuno  r;o0  3 ) ;  the  result  was  a  complete  pa  nitration  of  the  plat*.  - :  ‘$i: 


'  V  r  fTJ 

.  t  aach  of  the  next  three  rounds  (teat  rounds  aos.  k,  5.  and  6)  was  struck 

'y  •  r‘*  fra*^sats  of  tf1®  Line  Charge  and  was  uaftfcle  to  penetrate  the  target)  a 

diameter  scoop  of  1  tc  1  1/1,"  depth  was  produced  by  each  round.  ^01 


a  ,  .  '5>  *  sn;®ar'  ^P®  photograph  (see  ARC  Riotc  b2 167)  was  made  of  on*  round. 

nova  by  the  P/o,c.  Line  Cnar6e  fragments  ha«e  succeeded  in  breaking  the  projectile.  &k> 

The  entire  obive  has  been  broker,  off.  J 


b.  four  rounds  of  90mm  aP  Shot  (teat  rotunda  nos.  ?,  9,  and  10)  were  fired  at 

r.V  1  r.C.  rpft  fi  a,  1  f  o  rt-tY-  /■  *-  3  ^  _ '  •  ■ 


a  velocity  increased  to  approximately  2500  fps.  with  the  armor  at  lpc  obliquity.  8aefc  '*/$9 

rcunu  made  a  c  cap  lute  penetration  of  the  tenet.  Th«  «rr.i<f  «...  :.««*  ^ _ * _ _ M 

on  these  rc 


“  - -•>  * —  *  r~ »  nui  m,  u;j  oouiquiT^.  Baer. 

a  i^cap  -  te  penetration  c-f  the  targeto  The  el'fect  of  the  Lina  Charge  fragMBta  A 
,unds  16  utllcr-owu  since  no  high  speed  motion  picture*  were  obtained. 


2.  lucan  ahell,  ilSAT,  T119S11  (M3U;) 


•  v  m 


■  5f 


1600  fnR  !l  +  v,T!u  r°URds  01‘  lc6ntfn  recoilless  hEAT  ammunition  were  fired  at  approximately  ' 
‘  ,  ,‘e  ar^e,  p.ate  at  30  obliquity.  Copper  liners  were  used  in  the  Lin* 

Char ces  supplied  for  this  phase. 


,  .  .  „  1C^  roanla  ^8t  rcundfl  n°».  1.  2.  3.  k.  6.  and  ?)  wera  evidently 

strucx  by  the  Line  charge  fragments;  the  effect  of  these  on  the  target  consisted,  in 
each  case,  of  fragment  gouges  and  small  jet  penetrations  (0M  to  2#')  of  the  armor. 


p  ,  .  !2j,  .Twy  rounds  (test  rounds  ncs.  5  and  9)  apparently  were  missed  by  the  min-  J 

1 1 agmenfa  of  the  nine  Charge.  Sacn  cf  the  two  rounds  completely  penetrated  the  target  and 

produced  residual  penetrations  of  approximately  2"  in  a  vertical  back-up  armor  plate  pises*  J* 
eleven  feat  behind  the  tarbet.  % 


ft,  ^  ,i3)  Cn8/oaod  ^te3t  rouod  3)  evidently  was  missed  by  the  main  fra rtwrt* 

f'5  I'iLe  °ha^e  ftnd  a-8C  fall9j  to  function  by  fuse  action.  This  round  de  tone  teddurin*  -  / 

crusn-up  against  the  p^ate  without  formation  of  a  jet.  The  sole  effect  on  the  target  plate*! 

was  e  ,  diameter  dent,  approximately  1/ii"  doep.  6  P  . 

1  ... 

•i-v-  - .  .  ->  -»  •  VaiPN 


^  Cne  °*iifcration  round  (test  round,  no."  10)  was  fired  without  use  cf  the  ifofr, 

0  u  ^  fu?8ti®r-  by  fur8  mction  and  ^toneted  during  crush-up  without  fon**i<m 

o.  a  jet.-  Kesulte  were  identical  to  those  of  Ro<md  8. 

''i, 


r  ■■■ 


FIRING  RECORD  NO,  Ar-2 0552 
SHEET  3  OF  > 

DETAILED  RESULTS  OF  TEST 

Incloaure  2  provides  rcund-by- round  firing  data  and  results. 

OBSERVERS 


Other  then  BRL  and  D&PS  personnel  conducting  the  test,  no  obnrVtrs  were  preheat® 


APPRO 7SD ; 


// 

Senj. 


JEN  JAM  IN  S.  GOODrilN 

Arms |  A  Ammunition 


2&z;./5Zt 

Ho  Cc  PLEsS 
Chief,  Amor  Branch 


INCLOSURES;! 

1«  Distribution 

2,  Firing  Data 

5«  Description  of  Triggering  System*  Line  Charge  Sketch 
ij-,  APG  Phptoa  B2Q54,  B2055,  8216? 


%-d.^iWtr 

J  J.  C.  G1LLETT 
Lte,  Ord  Corps 
Proof  Officer 


/ 
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FIRING  RSCORD  NO.  At-20352 
INCLOSUHB  1 


DISTRIBUTION 

Chief  of  Ordnance  _ 
flashing-ton  25,  J.  C. 

Attn  t  ORDTA 

ORJTB 

ORDTT 

Commanding  General 
i'ic&tinny  Arsenal 

Dover,  New  Jersey 

Commanding  Officer 
Detroit  arsenal 
Center  Line,  Michigan 
Attn:  GRtfa-SCC  ' 

ORDiUC-aCM 


Commanding  Officer 

Watertown  Arsenal 

Water  town  ',2,  Massachusetts 

Attn:  Laboratory 
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19  August  59"  Ul”  18"  h”  Results  Identical  with  round 

ftd .  3  four.  Plate  obliquity:  15°; 

Striking  Velocity:  20?G  f pa . 
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DiSCBIrTION  OF  TBIdCnSRIHG  SYSTEM 

bctomaAlg-^af.fiR^IBL)  Tribes  rlru:  Syatcw  for  MU&U a* 
Modified  Plc&Urmy . Arsenal  Dq.yl.cg 


1.  Schematic  Diagram: 


SE 


*«W  Ws  ' 


ifitiTiATlNG  SCREENS 


SPECIAL  //O  V.  SOCKET 


2.  Safety  Features: 


A.  A  special  connecting  socket  for  110 
□an  until  he  is  in  shelter. 


V  input  kept  by  demolition 


B.  DP  III  switch  in  insulated  box,  closed  and  shorted  to  ground  In 

personnel  bombproof  switch  opened  just  prior  to  firing  when  all 
personnel  are  under  cover). 


C 


-4.  -• 


2,  Safe ty  Features :  continued.  0  ju  ^  0  11  *P 

C.  Screens  checked  for  inf init<Tre&lVt£frrcS*t 9  6000  volts. 

D.  lower  supply  snorted  to  ground  prior  to  firing;  unahorted  before 
each  firing;  shorted  after  each  firing. 

2.  M36  detonator  installed  by  demolition  can  in  usual  manner  (leads 

attached,  then  M36  insertea  into  booster  through  hole  in 
supporting  plate  for  charge ). 


of  li;:?  c  has  as 


B2054  C  ONFIDENTIAL 


8  ABERDEEN  PROVING  GROUND  8  13  September  1954 

Projeot  No.  TB3-1224B.  Testing  of  Speolal  Pioatinny  Arsenal  Devine 

Pica t Inn "V  Apa «nal  Di  H  e  lie  0 1 _ 1  S  A  _ ?  ^  ^ ^  til© 


Pionfinn,  a  ~  ~  f;  uaoa  auring  tne  tost  of  the 

7t1«  1^DeViCO  Ifrsua  th®  Shell,  106mm,  HEAT,  T119E11 
(M344).  T©n  rounds  were  fired;  rounds  3  and  4  are  nor  mattl* 
since  only  negligible  scarring  resulted  from  these  rounds. 


Pro Jeot  No.  TB3-1224B.  Testing  of  Special  Pioatinny  Arsenal  Devioe. 
Front  view  of  the  4n  target  plate  used  during  the  test  of  the 
Picatinny  Arsenal  Device  versus  the  90uiu  APT  33E7  Shot*  Eleven 
rounds  were  fired.  Rounds  1  and  2  were  fired  without  use  of  the 
Picatinny  Device.  Round  11,  badly  broken  before  striking  the  plate, 
is  indicated  by  the  circled  areas. 


*  v 


B2167  CONFIDENTIAL 


ABERDEEN  PROVING  GROUND 


20  August  1954 


Project  No.  TB3-1224B.  Test  of  Special  Picatlnny  Arsenal  Device. 

Shot,  90mm,  AP,  T33E7  (Round  No.  11),  broken  In  flight  by  fragments 
of  modified  cutting  charge. 
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APPENDIX  D 


FIRING  DATA  -  PAD  VS  90UM  HEP-T 
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FIRING  DATA  -  PAD  VS  ?OMU  HEP 


RD.  NO. 

SVIT^T 

TRIGGER 
SCREEN 
DIST.  TO 
PLATE 

RESULT 

ON  PLATE 

DIST.  PAD 
BELOW 
PROJ  (Z) 

DIST.  PAD 
OFF-SET  FROM 

L  OF  FLIGHT 

DIST.  PAD 

TO  PLATE 

PAD  LINER 
ANGLE 

1 

Not  Meas. 

None 

Used 

Spall 

No  PAD 

CC'PDCT 

- 

-*■* 

2 

None 

Used 

Spall 

No  PAD 

OUinL  1 

- 

— ** 

3 

Al.Mesh 

30" 

No 

Spall 

18" 

32" 

11*0° 

h 

2332 

Al.Mesh 

30" 

No 

Spall 

30" 

6" 

32" 

11*0° 

5 

2331 

Al^Foil 

30" 

Spall 

60" 

10" 

32" 

lliO° 

6 

2336 

Aljoil 

30" 

Spall 

60" 

10" 

32" 

liiO° 

7 

233U 

Cu.Mesh 

30" 

Spall 

li5" 

6" 

32" 

liiO° 

8 

2358 

Cu.Uesh 

30" 

Spall 

U5" 

6" 

30" 

1150 

9 

2361 

Cu.Mesh 

30" 

Spall 

US" 

6" 

30" 

-<**«■ 

10 

23U9 

Cu.Mesh 

li3" 

Spall 

30" 

6" 

U7" 

0 

16? 

11* 

Cu.Uesh 

30" 

No 

Spall 

18" 

6" 

32" 

11?° 

12* 

Cu.Mesh 

30" 

No 

Spall 

30" 

6" 

32" 

iho° 

13* 

Cu.ifesh 

30" 

Spall 

U5" 

6" 

32" 

iho° 

11* 

Cu.Mesh 
30"  • 

No 

Spall 

30" 

6" 

32" 

11?° 

l$* 

Cu.Uesh 
30.5  ft 

No 

Spall 

30" 

6" 

30.6  ft 

140°  § 

16* 

Cu.Mesh 

30.5  ft 

Spall 

US" 

6" 

30.6  ft 

1U0 P 

17 

2020 

Cu  .Mesh 
30" 

Spall 

US" 

6" 

SECRET 

32" 
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RD.  NO. 

TRIGGER Q 
SCREEN 
DIST.  TO 
PLATE 

FIRING  DATA 

-  PAD  VS 

9CXIM  HEP  (CONT«D) 

PAD  LINER 
ANGLE 

EEHET 

RESULT 

ON  PLATE 

DIST.  P/D 
BELOW 
PROJ  (Z) 

DIST.  PAD 
OFF-SET  FROM 
L  OF  FLIGHT 

DIST. PAD 
TO  PLATE 

18 

Cu.Mesh 

Spall 

b$" 

6" 

3iiM 

11*0° 

2320 

1:6" 

19 

Cu.Mesh 

Spall 

16" 

6" 

3U  ft 

140°  ## 

3b  ft. 


*  Velocities  not  measured.  Estimated:  2320-23UO  fpe. 
*#■  Calibration  of  Ammunition 

***  PAD  not  initiated 

#  Fas  tax  films  taken 
M  Missed  screen 
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APPH;dix  e 


PAST  AX  FILII  AKD  '.'.TTNESS 


PLATE  TRIALS 
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I.  PHASE  I 

A.  PURPOSE 


To  obtain  fragment  velocity  and  penetration  data,  using  mild  steel  target 
witness  plates. 

B.  AJMUNITION 

Two  pads  with  1U0°  copper  liners.  No.  1  was  statically  detonated  with  base 
parallel  to  rr  round, mild  steel  laminate  66  inches  overhead.  Laminate  consisted  of 
two  12  gauge  sheets  followed  b:/  1/1;  inch  sheets.  No.  2  was  detonated  with  base 
perpendicular,  in  longitudinal  direction  (B),  target  66  inches  away.  Both  charges 
were  photographed  by  Fas tax  camera  to  obtain  fragment  velocity  data. 

! 

0.  FADS  3  and  it 

115  degree  liners,  detonated  like  No.  2  except  that  laminate  of  witness  sheets 
consisted  of  one  12  gauge  mild  steel  sheet  followed  by  1/h  inch  mild  steel  sheets.  These 
charges  were  detonated  for  fragment  distribution  data.  (See  FLots  1,2,  and  3),  Pad  No.  1; 
was  modified  to  simulate  combat  conditions  as  follows :  The  liner  trough  or  wedge  angle  was 
filled  with  moist  soil  scraped  in  the  test  area.  This  dirt  filler  was  held  in  place  by 
masking  tape.  The  charge  was  detonated  against  the  same  setup  as  was  No.  3.  A  sunnary  of 
fragment  penetration  and  distribution  data  is  given  in  Plots  1,2,  and  3. 

ii .  phase  ii  frag:.si;tation  calibration 

a.  PJRH3SE 

To  obtain  an  indication  of  PAD  fragmentation  efficiency  and  penetration  capa¬ 
bilities  by  comparison  with  available  devices  using  lesser  weights  of  explosive. 

3.  PROCEDURE 

Two  2  inch  I.D.  black  pipe  nipples  and  four  2  l/2  inch  I.D,  galvanized  pipe 
nipples  were  capped  at  one  end.  Each  was  then  filled  lengthwise  with  an  inert  mixture 
(Plaster  of  Paris)  for  one  half  of  the  nipple  diameter,  looking  in  section  like  this: 


The  plaster  filling  was  then  drilled  thru,  at  the  center  of  the  nipple  length,  for  a 
tetryl  boost  r  pellet.  The  remaining  semi-circular  section  was  then  filled  with  explosive 

characteristics  follows  : 

SECRET 
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'3.  A  tabulation  of  the  pipe  charge 
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PIPE  CHARGE  DATA 

s 

EGRET 

Pipe  ID 

V 

2  inches 

2  1/2  inches 

Pipe  OD 

2  3/16  inches 

2  13A6  inches 

Pipe  Length 

6  inches 

10  inches 

Pipe  Type 

Black 

Galvanized 

VVt  Charge 

.53  A 03  lb  C3 

1.3  lbs  C3 

VTt  Pipe,  two  Steel  Caps 

(at  ends)  &  Inert 

Load 

U.75  lbs 

10.2  lbs 

V> t  of  Single  Cap 

1.15  lbs 

2.15  lbs 

Wt  as  fired  w/one 

cap 

3.3  /.10  lbs 

9.3  A10  lbs 

D.  RESULTS 

1.  Wien  the  2  inch  pipe  nipple  was  detonated  from  a  position  with  its 
axis  parallel  to  the  ground,  the  fragment  pattern  obtained  was  apparently  too 
limited  to  be  comparable  to  a  PAD.  The  next  charge  used  was  the  larger  diamsteij 
longer*  2  1/2  inch  I.D.  nipple.  This  charge,  effectively  a  miniature  bangalore 
torpedo* was  detonated  with  the  axis  perpendicular  to  the  ground.  The  large  angle 
of  fragment  distribution  is  apparent  from  APG  photographs  B5971-73 •  This  pattern 
might  be  considered  inherent  in  the  shape  of  the  charge  casing.  Also  noteworthy 
are;  reduction  in  numbers  of  fragments  for  t  e  thick  steel  pipe  casings  and 
greater  propirtion  of  penetrating  fragments  in  later  witness  sheet  (No. 3). 

2.  A  tabulation  of  fragmentation  data  for  tlie  first  of  each  type  of  pipe 
nipple  and  the  four  PADS  detonated  in  the  last  phase  of  this  program  is  given  below. 
Two  additional  pipe  nipples  of  each  type  (2  inch  I.D.  and  2  l/2  inch  I.D.)  were 
detonated .with  axis  vertical.  Fragmentation  data,  density* and  numbers  of  indentations 
in  each  mild  steel  witness  sheet  are  summarized  in  Plots  1,  2,  and  3  which  follow. 
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WITNESS 

CHARGE  PLATES 


PAD  //I  10  g  a 

11*0°  Liner  12  ga 

lA" 

lA" 


,  OF  DENSITY  OF 

PSKE-  3NDEH-  PENE¬ 

TRATIONS  TATIONS  TR AT IONS 


10  51  lo-il* 

10  51  6 

8  1*2  6 


Large 

areas  of 

51 

tiny  &.  large 

32 

117 

23 

23 

65 

6 

Too  high  to  count 
.23/ft2  .12/ft2 

.20  .01* 


8  35  23  31*  1*  .12 


PAD  #2 

11*0°  Liner  12  ga  21 

12  ga  21 

1/1*"  21 

lA"  30 


1*0 

21 

1*0 

Very 

Large 

1*0 

21 

1*0 

n 

1*0 

16 

29 

161* 

36 

- 

- 

13 

25.3  -  .30 

60  -  .07 

5  .20  .01 

1  .02 


STEEL  PIPE  NIPPLES 


Pipe  #1 

12  ga 

36  / 

11* 

36 

2"  ID 

12  ga 

36  / 

11* 

36 

Axis  at 

1/1*" 

36  / 

11* 

- 

0°  elev. 

Pipe  #2 

Over 

2  1/2"  ID 

12  ga 

21* 

8  ft  21* 

Axis  at 

lA" 

21* 

II 

— 

90°  elev. 

1/U" 

21* 

ft 

- 

FAD  #3 

12  ga 

1*8 

15 

115°  Liner 

lA" 

27 

1*8 

12 

lA" 

15 

la 

— 

1/1*" 

12 

la 

- 

PAD  Jih 

12  ga 

30 

35 

30 

11 5»  Liner* 

lA" 

30 

35 

0 

lA" 

21* 

32 

- 

iA" 

Center 

of  Flate 

11* 

— 

25 

— 

7.12 

11* 

51 

10 

.10 

.02 

— 

16 

— 

.03 

Over 

8  ft 

L^rge 

118 

Large 

7.08 

83" 

5 

9.31* 

Very 

l 

3.06 

55 

Large 

- 

- 

55 

II 

16 

21.3 

1.7 

- 

ia 

— 

9.6 

— 

- 

19 

- 

5.5 

- 

Approx . 

35 

Large 

75 

Large 

10.26 

20 

2.08 

2 

28.5 

— 

— 

13 

2 

— 

2.1* 

— 

*  Sandy  loam  loosely  held  in  wedge  by  masking  tape. 
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APPENDIX  F 


AFG  PHOTOGRAPHS  NOS.  8^968  THRU  B9973 
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B5968  SECRET 


j  ABERDEEN  PROVING  GROUND  j 


.  „  - - —  <>#  24  January  1955 

tration  Into  Mildest eel.  T8St  °f  Picatllmy  Arsenal  Devloe  (Pad).  Pene- 

o?d«?nesa*  pSSTStaKT  6®"  fr°m  0hare*  in  ^eet  <12  ga.) 
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B5969  SECRET  3  ABERDEEN  PROVING  GROUND  8  24  January  1956 

Project  No.  TB3-1224B.  Teat  of  Picatlnny  Arsenal  Device  (Pad).  Pene¬ 
tration  into  Mild  Steel. 

Pad  Ho.  2.  Fragment  damage  66”  from  charge  in  second  sheet  (12  ga • ) 
of  witness  plate  laminate* 


Project  No*  TB3-1224B*  Test  of  Picatinny  Arsenal  Device  (Pad)*  Pene¬ 
tration  into  Mild  Steel* 

Pad  No*  2.  Fragment  damage  66”  from  charge  in  third  sheet  (l/4n) 
of  witness  plate  laminate* 
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B6971  SECRET  J  ABERDEEN  PROVING  GROUND  8  24  January  1955 

Projeot  No*  T33-1224B*  Test  of  Float inny  Arsenal  Derloe  (Pad)*  Pene¬ 
tration  Into  mid  Steel* 

Speolal  Derloe  No*  2*  Fragment  damage  66*  from  obarge  in  first 
sheet  (19  ga* )  of  witness  plate  laminate* 


SECRET 


Ow'.'ti  1  £  4A 


Projeot  Ho.  TB3-1224B.  Test  of  Picatinny  Arsenal  Device  (Pad).  Pene¬ 
tration  into  Mild  Steel. 

Special  Devioe  Ho.  2.  Pragma nt  damage  66"  from  charge  in  seoond 
sheet  (1/4" )  of  witness  plate  laminate . 


B5973  SECRET  8  ABERDEEN  PROVING  GROUND  8  524  January  1955 

Project  No.  TB3-1224B.  Test  of  Pioatinny  Arsenal  Device  (Pad).  Pene¬ 
tration  into  Mild  Steel. 

Special  Device  No.  2.  Fragment  damage  66n  from  oharge  in  third 
sheet  (l/4n)  of  witness  plate  laminate* 
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